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had ſome Intentions of exhibit- 


ing a public Courſe of Fortifica- 
SSR tion and Gunnery: And tho' for 


I afterwards deſiſted from that Deſign; yer, as 


I had proceeded ſo far as to diſtribute ſome 


Manuſcript Copies of the Particulars, of which 
I propos'd it to conſiſt, I have thereby been in 


ſome Meaſure engaged in the preſent Under- 


taking. 

For, as I had reſolved to render this Courſe 
as compleat as I poſſibly could, both by 
large Models of different Fronts of Fortifica- 
tion, and their different Attacks, and by an 


A 2 experimental 


A 


PREFACE 


OUT a Twelvemonth ſince, I 


eaſons not neceſſary to be here mentioned, 
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experimental Exemplification of the Precepts 
of Gunnery with real Artillery; I found it ne- 


ceſſary to inſert under this laſt Head a Theo- 
ry of the Force of Gunpowder, and certain 


Propoſitions relating to the Reſiſtance of the 
Air, which I had diſcovered, and confirmed 


by Experiments. But theſe Principles being 


ſer down in the Schemes, which I delivered 
out, as Aſſertions only, without any account 
of the Nature of the Experiments made uſe of 


"for proving them, and being liable co grear 


Conteſtation on account of their Inconſiſtency 
with all the received Opinions of the Writers 
on this Subject; I thought it incumbent on me 
toclear up in a more particular Manner anyDif- 
ficulties, which might have ariſen about them, 
and to evince their Certainty by a number of 
unqueſtioned Experiments. And this has prin- 
cipally given Riſe to the enſuing Treatiſe, in 


which the Force and varied Action of Powder 


is ſo far determined, that the Velocities of all 
kinds of Bullers impelled by its Exploſion, may 
be thence computed, and the enormous Re. 
ſiſtance of the Air to ſwift Motions (much be- 
yond what any former Theories have aſſigned) 
is likewiſe aſcertained. And on theſe Prin- 
ciples it will appear, that the Original Veloci- 
ties of Bullets, when impelled by full Charges 

| of 
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of Powder, and the Track deſcribed by their 
Flight, are extremely different from what, the 
Writers on theſe nt have hitherto ſopr led. 


As the principal Diſquiſitions of the follow- 
ing Sheets relate to the Force of Powder, and the 
Flight of Shells and Bullets; it may not perhaps 
be unacceptable to the Reader to peruſe a few 
Particulars, relating to the Invention of Pow- 
der, and the Hiſtory and Improvements of 
Gunnery, and its Siſter Art Fortification; eſpe- 
cially as the Nature and Purport of what, we 
ſhall hereafter advance, will receive ſome kind 
of Illuſtration, by being compared with the 
Opinions, which have formerly prevailed in 
theſe Enquiries, And tho' our immediate View 
is the promoting the Theory and PraQtice of 
Gunnery, yet the preſent Methods of fortify- 
ing are ſo connected with the Invention and 
Management of Artillery (theſe Arts having 
in ſome Meaſure given Laws to each other) 
that I preſume a ſhort Recital of the Riſe and 
Changes of the modern Military Architecture, 
will not be impertinently prefixed to an Ac- 
count of thoſe powerful nn which firſt 
gave it Birth. - | 


 Wrra regard to the firſt Invention of Baſ- 
tions, there are many Opinions amongſt Au- 
A 3 thors, 
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- . thors, it being as yet a Point undecided in 
* - what Place, and at what Time they were firſt | 
| put in Practice. Some have attributed this In- 
I! vention to Ziſca the Bohemian, Others to Ach- 
ll met Baſhaw, who having taken Otranto in the 
li Year 1480, fortified it in a particular Manner, 
| which is ſuppoſed ro be the firſt Inſtance of 
| the Uſe of Baſtions (a). But theſe are the 
FR ; Poſitions of later Writers. Thoſe, who wrote 
| on the Subject of Fortification near two Cen- 
turies ago, ſeem to ſuppoſe, that Baſtions 
were a gradual Improvement in the ancient 
Method of Building, rather than a new 
f Thought, that any one Perſon could claim the 
j Honour of. Paſimoin particular, in the firſt 
i 


| Part of his Book, imputes the Changes in the 
1 ancient Fortifications, and the Introduction of 
| "the modern Form, to the increaſed Violence of 
the later Artillery, without pretending that it 
was effected at one Time, or by one Perſon (6). 


| (a) Vid. The Commentary of the Chevalier F#lard on 

1 _ Polybius. Tom 3. pag. 2. 
| (5) Vid. Diſcours ſur pluſieurs pointts de UArchi- 
tecture de Guerre concernants les Fortifications, tant anci- 
 erines que modernes, &c. Par M. Aurelio de Paſino Fer- 
rarois, architecte de tres-illuſire Seigneur, Monſeigneur le 
1 Duc de Buillon. Printed by Plantin 1579. It appears by 
: a Copy of Verſes prefixed to the Book, that this Author 

fortified Sedan. | 

80 
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So that I believe we cannot with Certainty 
affirm more in Relation to the Invention of 
Baſtions, than that they were well known ſoon 
after the Year 1500, For in 1546, Tartalea 
publiſhed his Qyefiti & inventions diverſe, in the 
fixth Book of which he mentions, that whilſt 
he refided at Verona (which muſt have been 
many Years before) he ſaw Baſtions of a pro- 
digious Sie; ſome finiſhed, and others build- 
ing; and there is beſides, in the ſame Book, 
a Plan of Turin, which was then fortified with 
four Baſtions, and ſeems to have been com- 
pleated ſome time before. | 


 Anp tho' we cannot certainly aſſign the 
Time, when the old circular Towers were firſt 
converted into Baſtions, yet in all Probability 
it did not long precede the Date, we laſt men- 
tioned, For in the ſame Book the Prior of 
Barlets, who was himſelf a Soldier, eſteems 
Turin to be impregnable ; and tells us, that 
this was the general Opinion of all Men of 
Bkill; he likewiſe makes it a Queſtion, if in 
the fortifying of Cities, the Genius of Man- 
kind was not arrived at its urmoſt Limits of 
Perfection; which ſeems to evince that the In- 
vention was a recent one; and that it was 
greatly the Object of the Eſteem and Conſi- 
94 4 deration 
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deration of his Cotemporaries, as a new Con- 


rrivance of this kind would NEE * 


Tur firſt Baſtions, loch as thoſe of 7 urin, 
of Antwerp (a), and others of the ſame Age, 
were but ſmall, and removed at a great Diſ- 
tance from each other; for at that Time it 
was the univerſal Practice to attack the Cur- 
tain, and not the Baſtions. But a few Vears 


after there were introduced Baſtions much 


larger, and much nearer together, than what 
had been conſtructed before; as appears by the 
Citadel of Antwerp, which was built under 


the Direction of the Duke D' Alva, about 1566, 


and which by the frequent Encomiums on it 
in ſome early Authors, ſeems to have been 
the firſt Inſtance of this Improvement. 


FROM this Period, the modern Practice of 
military Architecture may be ſuppoſed to have 
taken its Riſe; moſt of the Improvements of 
the preſent Times, being little more than the 
putting in uſe ſuch Methods, as were propoſed 
within a few Years of this Ara; for many ce- 
lebrated Authors flouriſhed ſoon after, as (5) La 

Treille, 


(a) Antwerp was fortified about the Year 1540, as we 
learn from Speckle. Lib. I. chap. 10, 

(b) Vid. La Maniere de fortifier Villes, Chaſteaux, et 
faire autres lieux forts : mis en Frangois par le Seigneur _— 

| r 
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7 reille, Alghth, Marchi, Paſino, and above all 
Spec ble, (a) who was one of the greateſt Genius's 
that has applied to this Art. 


T x better to judge of the Pretenſions of 
the Moderns, and the Merit of the Syſtems of 
Fortification now in vogue, we muſt enter in- 
to a ſhort Dicuſſion of the various Methods, 
which have been propoſed for covering the 
Flanks, and conſequently for ſecuring the Ram- 
parts from the Approach of an Enemy. For 
if it be agreed, that the principal Defence of 
a Fortreſs is its Flanks; the beſt Standard to 
judge of the Merit of any Syſtem of Fortifi- 
cation, is the Manner, in which it provides for 
the Safety of the Flanks, againſt the Efforts of 
the Enemy, 


Now the moſt uſual Contrixances for this 
Purpoſe, have been Orillons, Ravelins placed 
before the Curtains, Half-Moons placed before 


roil Frangois de la Treille Commiſſaire en I Artillerie. A Lym 
1556. This Author was the firſt J have ſeen, who 
propoſed the Retired Curtain, which has ſince been publiſhed 
by others, under the Name of the re-inforced Order, 

(a) Daniel Spec le was Architect of the City of Stra- 
bourg ; be died in the Year 1589. He publiſhed a Treatiſe 
of Fortification in German, which was re printed at Leipſic 
in the Year 17 36. | 

| the 
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the Points of the Baſtions, and Contregards, each 
of which we ſhall ſeparately conſider, both as 
to their Uſe and Antiquity, 


THrs Orillon is as old as the Baſtion, ſince 
in Turin and Antwerp (mentioned above) there 
is a lower Flank, which is cut out of the Sub- 
ſtance of the Baſtion, and has thereby a Should- 
er of a conſiderable Thickneſs, to ſcreen it 
from the Field- Batteries. But beſides this, the 
Drawings of Paſino, Speckle, &c. abound wich 
Orillons of the ſame Form with thoſe now 
uſed, the only Difference being, that che Mo- 
dern ones are leſs maſſive than the Antient ones, 
This Invention has had the good Fortune to” 
ſtand its Ground in almoſt every Syſtem, 
| which has prevailed ; although i it be rather on 
| | the Fame of the Services, it has formerly done, 
than for any Advantages ho Moderns have re- 
ceived from ir. For in ancient Sieges, it was 
the Cuſtom for the Beſieged to have a Retrench- 
ment behind the Breach, by which Means the 
Befiegers were obliged to lodge themſelves on 

the Ruins of the Breach, in order from thence 
to batter the Retrenchment, In this Caſe the 
Piece or Pieces of Artillery, which being co- 

| vered by the Ocillon, could not be diſmounted, 


i were of wonderful Service to the Beſieged. 
| 5 And 


On 
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And many Inſtances mighr be given, where 
the Enemy have been hereby ſo gauled, after 
they had lodged themſelves in che Ruins of the 
Breach, that they have defiſted from their En- 
terprize. But as it is now no longer the Fa- 
fhion to hold out, after a Breach is made in the 
Body of the Place, and the Ditch is near 
filled up, we rarely hear in the preſent Times 
of any great Feats performed by the Orillon. 


Tu x Ravelins placed before the Curtains, 
(or Half-Moons as they are called in the mo- 
dern Syſtems) were intended to protect the 
Flanks from croſs Shot, and to confine the Bat- 
reries, which ſhould be raiſed againſt the Flanks 
to the oppoſite Part of the Counterſcarp only, 
where they would be more expoſed to the Be- 
ſieged, and more difficult to preſerve. This 
Invention likewiſe is nearly as ancient as the 
Art of Fortification ; it being to be found in 
great Numbers of old Places, and in almoſt 
every old Writer, and is ſtill continued in moſt 
'Fortifications. 


Bur the ancient Writers, whoſe principal 
Care was the ſecuring of their Flanks, did not 
rely ſolely on theAdvantages, they received from 
the laſt-mentioned Invention. For though by 

thar 
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that Means the Batteries for deſtroying the 
Flank were confined to one Place, yer they 
found on Examination, that on that Place the 
Enemy would have mcre room than was ſuf- 
ficient for erecting of his Counter-Bartteries ; 
and therefore they added Half-Moons before 
the Points of the Baſtions ; theſe were intended 
to poſſeſs the Ground, to which the Enemies 
Batteries againſt the Flanks were already con- 
fined, and thereby to render the Conſtruction 
of thoſe, Batteries ſtill more difficult. How- 
ever, they did not compleatly anſwer this Pur- 
poſe, and have been long ſince laid aſide. 


Tux Intention of Contregards, (a) which 
are likewiſe very Ancient, is the ſame with that 
of the Half-Moons laſt mentioned, that is; the 
Protection of the Flanks, to which Purpoſe (if 
properly conſtructed) they are moſt wonder- 
fully adapted; for the Enemy in order to ruin 
the Flank, muſt either plant his Counter-Bat- 
tery on the Contregard itſelf, which, if the Con- 
tregard be of 2 proper Profile, it will be im- 
poſſible for him to do, or he muſt demoliſh a 


(a) Paſino, whom we have mentioned above, claims the 
Invention of Contregaris, tho' they were afterwards much 
mended by Speckle. But the Contregards of this Author were 
not before the Baſtions only, but ſurrounded the whole Place, 

Parc 
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Part of the Contregard to enable his Battery 
on the Contreſcarp to view the Flank, which 
is a tedious Work, attended with great Hazard 
and Difficulty. The ſame Inconveniency like- 


wiſe attends him, when he would barter in 
Breach. 


BuT notwithſtanding the Excellence of this 
Invention, it has been almoſt entirely neglect- 
ed in the modern Syſtem of a neighbouring 
Nation. There have indeed been two or three 
Places fortified by the French, in which there 
are Pieces called by them Contregards; but 
they have nothing but the Name in common 
with thoſe, we here treat of. However their 
Experience of the Efficacy of this Work at 
Turin may poſſibly have induced them to 
think more favourably of it. For I have late- 
ly ſeen them adding Contregards to the old 
Works of a very conſiderable Frontier, al- 
though it was before eſteemed one of their 
compleateſt Places. 


From all that we have ſaid then, it ap- 
pears, that the Covering of the Flanks, was a 
Subject much more attended to by the an- 
cient Engineers, than by thoſe, who have ſuc- 
ceeded them; and conſequently that the Art 
of Fortification has not received from the 

Moderns 


* 
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Moderns thoſe great Improvements, which un- 
ſkilful Writers would ſometimes perſwade us 
to believe: For indeed in the ſecuring of the 
Flanks conſiſts the greateſt Strength of a For- 
treſs; fince, though all the other Defences by 
being expoſed to the Field-Batteries of the 
Enemy ſhould be ruined, yet as long as the 
Flanks are entire, the Rempart of the Place 
cannot be approached by the Enemy: And 
therefore, ſince this Circumſtance hath been 
ſo little heeded by ſome amongſt the Moderns, 
it muſt be owned, that the true Principles of 
this Art have been very imperfectly compre- 
hended by them. For it has often happen- 
ed, that they have diſputed about a few Fa- 
thoms in the Length of a Flank, a Face, or 
a Curtain, or a few Degrees in the Magnitude 
of a particular Angle ; when at the ſame Time 
they have too much diſregarded this moſt im- 
portant Conſideration of all, the ſcreening of 
the Flanks from the Batteries of the Enemy, 


1 Bu r this neglect hath been ſometimes owing 
ro the Authority of erroneous Maxims, one of 
h | which in particular is, that, (a) whatever ſees, 
is itſelf ſeen; whence it has been inferred, that, 


| | 
| (a) See this Maxim urged with this View in Pagan's 
q | Fortification, Chap. iv. 11 
| 
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if the Flank can ſee the Enemy, the Enemy 
can ruin the Flank with his Batteries. But 
the Fallacy of this Reaſoning lies here, that 
the Flank if properly covered cannot ſee the 
Enemy, when he is in a Situation, where it is 
poſſible for him to raiſe Batteries, but only 
when he gets in a Place, where he muſt be ex- 
poſed to the Fire of the Flank without hav- 
ing it in his Power to return it. For Inſtance, 
a Piece of Cannon covered by an Orillon in 
- the common Manner cannot be ſeen by the 
Enemy, till he is got over the greateſt Part of 
the Ditch, or is mounting the Breach, in ei- 
ther of which Places it is impoſſible for him 
to raiſe a Counter-Battery: And the more com- 
pleat the Artifice is, by which the Flank is 
ſcreened, the greater will be the Space, in 
which the Enemy will be thus expoſed, 


OTHER Engineers have endeavoured to un- 
dervalue this Art as ineffectual, and with this 
view they have expatiated much on the Force 
of the modern Methods of Attack, and have 
declared, that no place how artfully ſoever 
conſtructed can ſtand before them. With theſe 
Gentlemen ic is a Maxim, that when the Con- 
_ treſcarp is once loſt, the whole Conteſt is in 
a manner over ; and they endeavour to ſupport 

themſelves 
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themſelves in this Perſwaſion by the Examples 


of Places of great Note, which have been re- 


duced in a much ſhorter Time, than was ex- 
pected. If theſe Opinions could be relied on, 
the greateſt Part of the Money laid out in 
Fortifications would be extreamly ill employ'd, 
ſince a ſimple Rempart and a Contreſcarp 
would fully anſwer the whole Purpoſe intend- 
ed. But the Truth i is, that, when a Place is 
well conſtructed, and ſkilfully defended, the 
taking of the Contreſcarp is bur a ſmall Step 
towards the Poſſeſſion of the Place (a). In- 
deed the Raſhneſs and Precipitancy of the Di- 
rector of the Approaches, hath often intimi- 
dared a weak and ignorant Governor but when 
the Attacks have been thus eagerly hurried on 
againſt a Place commanded by a brave and 
knowing Officer, he has ſometimes taken ſuch 
Advantages of theſe incautious Steps, as have 
made them too fatal to be copied by any 
pretending to Prudence or Humanity. By 
this means the eafieſt Enterprizes have been 


| often rendered impoflible, and the Prerence of 


(a) In the laſt memorable Siege of Barcelona, the Loſs 
of the Contreſcarp (which was taken in a Fortnight) did 
not determine the Fate of the Town, the great Reſiſtance 
being after the Body of the Face was —_ by ſeveral 


Breaches. 
gaining 
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gaining a Day or two has often occaſioned the 
loſs of the whole (a). 


 Be's1Dzs, thoſe Inventions for ſcreening of 
the Flanks, which we have already mention- 
ed, there have been others propoſed of a dif- 
2 Nature, which by reaſon of their Sin- 
gularity, have been leſs attended to; ſuch is 
the Conſtructing of a Line, which ſhould paſs 
through the Ditch, from the Point of the Ba- 
ſtion to the oppoſite Point of the Contreſcarp. 
This is mentioned by General Montecuccoli in 
his Memoirs, as a Method much leſs liable to 
Exception, than it appears to be at ficſt Sight 
(b). But though a Line thus conſtructed, will 
doubtleſs cover the Flanks from the View of 
the Batteries placed on the oppoſite Part of 
the Contreſcerp, and is it ſelf very defenſible, 


(a) Many Inftances of the Difficulties and Hazards, to 
which the Allies were often expoſed in Flanders, during the 
late War, may be ſeen in Landiberg, who was then an En- 
gineer in the Service of the States - General; theſe Accidents, 
according to him, were generally owing to the Preſumption 
of the Directors, who under the Pretence of Expedition, 
contracted the Front of their Attacks, and thereby often, 
left the Enemies Works in their Rear, which rendered their, 
Progreſs next to impoſſible, Vid. Nouvelle Maniere de 
Partifier les Places. 

(65) Vid. Memorie del general Principe di Motitecuccoli, 

pag. 116, 

. B pet 
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8 its being put in Exe 
cution. 


| ANoTHER Way of ſecuring the Flanks, is 

by interpoſing the Entring Angle of the Con- 
treſcarp, (or of the Ravelin) between them 
and the Counter-Batreries, This Practice is de- 
ſcribed by Errard of Barleduc, (a) and is by 
him faid to be the Invention of the Count of 
Lynar. And though ſome Authors, who were 
ignorant of the Advantages hereby propoſed, 
have ſeverely cenſured the having any Part of 
the Ditch hidden from the Flank, a Circum- 
ſtance which muſt neceſſarily attend this Con- 
ſtruction ; yet the greateſt Genius, who ever ap- 
plied himſelf to the Study of this Art, has 
thought it worthy of his Imitation; the cele- 
brated Fortreſs of Berghen-Op-Zoom, having 
its Flanks in part covered by this Artifice, 


Bur in a proper Soil there is Rill a more ef- 
ficacious Detence, than any we have yet men- 
(a) Vid. La Fortification demomri, Lib. iti, Chap, ii. Be 
ſides this Invention here mentioned, there occurs in this Au- 
thor, the Contrivance of placing a Gallery under the Co- 
ver'd-Way, with Loop-Holes into the Ditch, which is prac- 


tiſed at Tcurnay, but more compleatly at Berghen-Op-Zonm. - 
Vid, Lib. iv. Chap. vii. . 


tioned; 
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tioned; and that is, by the Means of Contre- 
mines. For ſuppoſing the Fortifications' of 4 
Place to be conſtructed with no more Art, than 
what is neceſſary to oblige an Enemy to bring 
his Batteries on the Glacis, when he propoſes 
either to batter in Breach, or to ruin the Flanks, 
(which may be effected by a good Profile and 
a Ravelin before the Curtain only.) If the Soil 
be free from Water to a conſiderable Depth, it 
is always in the Power of the Beſieged co ruin 
the Batreries of the Enemy by their Mines, 
which may be repeated too a number of Times, 
in Proportion to the Depth of the Soil. For 
theſe Batteries being by Suppoſition confined ro 
one Situation, the Befieged can always be pre- 
pared for cheſe Operations before-hand, and 
would have infinite Advantages over an Enemy; 
who ſhould endeavour to dig them our ; which, 
however in fuch Circumſtances, would be his 
only Reſource. 


Tux firſt ſucceſsful Application of the Blow- 
ing of Mines in Sieges, was in the Kingdom of 
Naples, where Pietro de Navarre by this Means 
poſſeſſed himſelf of a Fort garriſoned by the 
French, But the firſt celebrated Uſe of theſe 


Mines in oppoſing the Progreſs of the Beſiegers, 


was in the Years 1666, 67, 68, at the Siege of 
B 2 Candia: 
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Candia; not but they had been often praRif- 


ed in the Defence of Places before, though in 
a leſs memorable Manner; for by the Aſſiſt- 
ance of this Invention principally, the City of 
Candia kept the whole Power of the Ottoman 
Empire at a Bay for three Years ſucceſſively, 
Since that Time the Advantages of Contre- 
mines have been beiter underſtood. The laſt 


eminent Inſtance of their great Uſefulneſs, was 


in the Defence of Turin, in the Year 1706 
for ſo effectoally were the Beſiegers traverſed 
thereby, that after near four Months of open 
Trenches, they were not in the Poſſeſſion of 
more than the Contreſcarp, and even there, e- 
leven Pieces of their Cannon were blown up by 
the Defendants, but three or four Days before 
the Place was relieved. 


Brok [ leave this Head, I cannot but i in 
Juſtice mention the great [Improvement in the 
Doctrine of Mines, which is contained in that 
excellent Diſſertation (a) annexed to the third 
Volume of the French Polybius. For nothing 
can be more compleat, than the Manner in 


- (a) This in the Preface, is ſaid to be the Performance of 
Monſieur de Valiere, Marechal des Camps, and Captain - 
General > the Miners. 4 

which 


— 
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which the different Stages of Mines are there 
diſtributed ; indeed, the Form there aſſigned to 
the Excavation, cannot be rigorouſly, what the 
Author ſeems ro ſuppoſe ; but this Exception 
Has nothing to do with his general Rangement 
of the Chambers, which is extremely well con- 
trived for the Huſbanding of che Ground, you 
** cr of the Enemy. | 


I HAvE already taken notice of the Defects 
in the Writings of many of thoſe, who amongſt 
the Moderns have undertaken to form Syſtems 
of Fortification. But when I ſpeak of theſe 
Authors and their Copiers, I muſt at the ſame 
Time avow the ſuperior Merit of the great Coe- 
hoorn, who was undoubtedly the ableſt Forti- 
fier, that ever the World knew. This Author 
has publiſhed two Treatiſes on this Subject; the 
Firſt containing a Method of Fortifying a Pen- 
tagon, to which is annexed a Project for the 
Amending the Fortifications of Cacvoerden. In 
his Second, he has propoſed three different Man- 
ners of Fortifying, one applied to a Hexagon, 
another to a Heptagon, and a third to an Octa- 
gon; and he has beſides added, the Manner of 
F ortifying that Side of a Fortreſs, which hap- 
pens to be contiguous to a River. Inthis Work 
on has particularly examined all the poſſidle 
| B 3 Attacks 


Attacks, * can be formed * his pro- 


poſed Places, thereby to evince the great Su- 

periority of his Defences ; ſo that it is in ſome 
Meaſure a Diſcourſe on the Attack and Defence 
of Places, as well as a Syſtem of Fortification; 
and upon the Whole is the moſt excellent Per. 
formance, that has ever been produced on 
this Subject. It was written in Lo- Dutch 


(the Author's Native Language) but has been 
' tranſlated into both French and Engliſh, but 


very imperfectly; tho' in a new Edition of the 
French Tranſlation lately printed in Holland. 
many of the Errors of the former are amended, 
and ſome particular Paſſages are cleared up by 
the Notes of the Editor, who ſeems to have 
underſtood his Author very well. 


I HAVE been told by thoſe, who were well 
acquainted with this great Man, that his Trea- 
tiſes were far from acquiring him either the 
Advantages or Reputation, which he might 
reaſonably have hoped from them. For thac 
his Cotemporary Engineers, wedded to their old 
Road, decried him as an unſkilful, ſelf-con- 
ccited Pretender; but that he at laſt ſurmount- 
ed theſe Effects of their Envy and Prejudice 
by his Defence of Fort William at Namur, 


when Gat Place was * by the French ; 
after 


** 


alter his, which eſtabliſhed. ha Agputarign, 
he, bie apace to the greateſt Military Coma 
mends, and . immortalized his, Name by bie 
Conduct of the Siege, of Namur under. King 


William, and afterwards at Bon, Limburg, hs 
Citadel of Liege, &c. And his Death at the Be- 
ginning of the late War in Flanders was avery 


great Misfortune to the Allies, of which al- 


Year 1707, was a melancholy Proof. 


' Bxs19xs being entruſted with the DiraQiog 
of Sieges, he was employed too in the repair 
ing and new- modelling many of the Dutch 


Frontiers. His laſt work, which is left uni- 


niſhed, was Bergen op Zoom, which will always 
do Honour to his Memory. Tho' he is yet fa 
little out of the Reach of Cenſure, that I have 
| heard Military Men, even in that Place, con: 
demn as Imperfections, thoſe very — 
en, whence 1 it ring its principal Defence. 


eee the great Fans which Ge 
' neral. Cebvorn. acquired in real Sexpice, it is 


difficulc to account for the litile Regard which 
hath been paid to his Writings... The maſt 


W diſcoyer, for this Negli- 
S B 4 gence. 


rasen W 


moſt every Siege formed by them after the 


* # 
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gence, is the Proceneſs, which we have always 


_ſhewn for the Opinions of 4 neighbouring 
Naticn, Who, whatever other good Qualiticy 


they may have, were never famous for doing 


. Juſtice to the Merit of thoſe, who were of ano-' 
cher Country, and were engaged in an Intereſt 


ppofite to their own. However I preſume 
his Reputation as an Auchor is at preſent in- 
ereaſing. For I ſaw not long fince in one of 
the moſt conſiderable Frontiers belonging to 
France a Piece of Fortification carry ing on, 
which was evidently copied n — © printed 
Works of mm | 


-Tuovcn Wh Regard to the modern 
Writers on Fortification, cannot find another 
to place in the ſame Article with the great 
Genius, laſt mentioned; yet there are two 
Authors on the Methods of attacking and de- 
fending Places (a Subject nearly connected with 
Fortification) vvho merit the higheſt Applauſe, 
I mean Goulon and the Marechal de Vauban. 
The rſt in a ſhort Treatiſe, intitled Memorres 
fur Þ Attaque et la Defence des plares. In which 
he has 'very diſtinctly inculcated the Principal 
Maxims neceſſary in thoſe Operations. The 
er in a Work which he preſented in 


4 1 * re 
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Manuſcript to the late King of France, of 
which Copies getting Abroad, it was publiſhed 
four Years ſince in Holland. In this Book Mr. 
Vauban has very circumſtantially deſcribed thoſe 
Parts of the Attack, which were more imme- 
diately of his own Invention; ſuch as the Bat - 
teries d Recocbet; the Parallels, and a pecu- 
liar Conduct of the Sap. Not but that he has 
likewiſe given very ample Inſtructions on 
every other neceſſary Head; and the whole 
muſt be owned to be a very maſterly Per- 
formance, worthy of the Experience and Ca- 
pacity of its great Author. 


. Jr might, perhaps, be expected, that I 
ſhould here mention with Approbation the 


Skill of this laſt-mentioned Engineer in the 
Art of Fortifying. But as he has never writ- 
ten any Thing himſelf on this Subject, that 
may excuſe me from ranging him in the Lift 
of Authors. Bat to ſpeak the Truth on this 
Head, I cannot but believe from all, I have hi- 
therto ſeen of his Works, that he was much 
more to be eſteemed for his other Talents than 
for the Fortifications he has erected. For 
though I have a very high Opinion of his good 
Senſe and Diſcernment ; I do not conceive that 
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his Invention in this Art was to be compared 
with that of his Cotemporary Coeboorn. 


Tus much may ſuffice on the Origin and 
Variations of the preſent Military Architecture. 
We muſt next diſcuſs what is more immediate» 
ly connected with the Purport of the enſuing 
Treatiſe, I mean the Invention of Powder and 
Artillery, with their reſpective Improvements, 
and the different Theories, they have given 
Riſe to. 


Tux Invention of Gunpowder is uſually. 
aſcribed to one Bartholdus Schwartz, a- Ger- 
man Monk, who diſcovered it, as is faid a- 
bout the Year 1320, and the firſt Uſe of it 
in War is commonly ſuppoſed to have been 
by the Yenetians againſt the Genoeſe about the 
Year 1380, But both cheſe Suppoſitions are 


\ undoubtedly falſe; for a Compoſition reſemb- 


ling that, which we call Powder, is mentioned 
by Roger Bacon as well known in his Time, 
and he lived near fifty Years before Schwartz; 
and there are indiſputable Proofs of the Uſe 


of Artillery much earlier than the Year 1380, 


IxpeeD, as the Time of the Diſcovery of 
Saltpetre is confeſſedly uncertain, it is not to 
be 
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be wondred at, that the Invention of Gun- 
powder ſhould be obſcure and unknown; for 
theſe two Diſcoveries are ſo connected, that ic 
is difficult to conceive, how the firſt could be 
long known, before the latter was found out. 


Tux diſtinguiſhing Property of Saltperre is 
the prodigious Increaſe of Inflammability, 
which it produces in all burning Subſtances, 
when mixed with them; altho alone and un- 
mixed ic will neither flame, nor burn. For 
Inſtance, Saltpetre put into a Crucible, and 
placed in the hotteſt Fire will only melt, and 
grow red hor, but will neither explode nor 
flame; yet, if any inflammable Subſtance (Sul- 
phur ſuppoſe, or Coals) be thrown into it, 
a violent Blaze will be inſtamily produced, in 
which a Part of the Saltpetre will be conſum- 
ed in Proportion to the Quanticy of the in- 
flammable. Subſtance, which was put to it. 
And a like Exploſion will cake place, if Salt- 
petre be thrown upon any Fire. Now it can- 
not be reaſonably ſuppoſed, that this Quality 
of Saltpetre could be long unknown, after the 
Subſtance ufelf was diſcovered ; for the acci- 
dental dropping of any {mall Part of it into 


the Fire, would prove is prodigious exploſive 
Power when mixed with burning Bodies. And 
| this 
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this be ing once obſerved, it was thence a very 
narural and obvious Thought ro invent a Com- 
poſition of Saltpetre mixed with any inflam- 
able Subſtance which would burn more vio- 
lently than any known before. And our pre- 
preſent Gun-Powder is only the La provenkent 
and Perfection of ſuch a Mixture. 


Ox this Suppofition then, if we knew che 
Time, when Saltpetre firſt came in uſe, we might 
give ſome gueſs, when Mixtures reſembling 
our preſent Gun-Powder were firſt invented. 
Now the moſt general Opinion on this Head 
is, that Saltpetre was firſt diſcovered, either 
by the Arabians or the later Greeks about the 
middle Ages of our /Era, when Alchymy and 
Chymiſtry were eagerly purſued by both Na- 
tions. For its Arabick Name is ſaid to be 
expreſſive of its exploſive Quality; and the 
Greek Fires uſed in War by the later Greek 
Emperors (if the Effects attributed to them by 
many Authors are true) muſt have had Salt- 
petre in their Compoſition, 


Id DpEED ſome Moderns (miſled by a Simi- 
larity of Names) have ſuppoſed Saltpetre or 
Nitre to have been known to the Ancients. 
But Chymiſts are now agreed, I think, that 

the 
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the Subſtance mentioned-by ſome ancient Wri- 
ters, and deſcribed by Pliny, by the Appella- 
tion of Nitre, is a Salt altogether different from 

what we call Saltpetre. 


Now, that the firſt Invention of Gun- 
Powder (or of Compoſitions reſembling it) did 
long precede the Time of Schwartz or of Ba- 
con, and may thence be reaſonably ſuppoſed 
nearly coeval with the Knowledge of Saltperre, 
appears from Bacon (a) himſelf; for it is not a 
new Compoſition, which he propoſes, bur the 
Application of an old one to military Pur- 
poſes. And from his Words it plainly appears, 
that a Mixture of Saltpetre with other Sub- 


(a) Bacen tells us, that Sound like Thunder, and Light- 
nings greater than thoſe produced by Nature, might be 
made by Art ; and this many Ways, by which a City or 
an Army might be deſtroy'd ; and he ſuppoſes it to be by 
an Artifice of this Kind, that Gideon defeated the Midi- 
antes : And having in another Treatiſe mentioned almoſt 
the ſame Thing in different Words, he adds, Et expert- 
mentum hujus rei capimus ex hoc ludicro puerili quod fit in mul- 
tis mundi partibus, ſcil. ut inſtrumento fatto ad quantitatem pol 
licis humani. ex violentia illius ſalis, qui SAL PETR @& voca- 
tur, tam horribilis ſonus naſcitur in ruptura tam modice rei, 
ſeil. nudici pergameni, quod fortis tonitrul excedere rugi- 
tum, & corruſcationem maximam ſui luminis jubar exced:t. 
Vid. Doctor Jebb's Preface to his Edition of Bacon $ * 


Majus. 


ſtances 
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ſtances was then vulgarly uſed for the mak- 
ing of recreative Fire-works. And this ap- 
pears yet plainer from the Treatiſe of Mar- 
cus Græcus, intitled, Liber ignium (a); for 
this Author deſcribes two kinds of Fire- works, 


one for flying, and the other for making a 
Report. The Cale or Cartouche (Tunica) for the 


firſt, he directs to be made long and ſlender, and 
the Compoſition to be very cloſe rammed; the 
Caſe for the ſecond he orders to be thick and 
ſhort, to be ſtrongly tied at both Ends, and to 
be but half filled; and the Compoſition he 
preſcribes for both is two Pound of Charcoal, 
one Pound of Sulphur, and fix Pound of Salt- 
petre, well powdered and mixed together in 
a Stone rnd : And this will be allowed to 
be a ſtronger Compoſition, than what great 
Quantities of Powder are every Day made 
with. Now tho” the Age of this Writer is not 
well aſcertained, yet it muſt have preceded 
the uſe of Artillery; for he does not in any 
Place (as I can learn) mention theſe Compo- 
ſitions as uſed in War; and as he pretends not 
to be the Inventor of theſe Serpents or Crack- 
ers (for ſuch we ſhould now call them). nor 

(e) This is a Manuſcript in the Poſſeſſion of Dr. Mead ; 


but what is here mentioned is quoted by the Editor of Ba- 
con's Opus Majus in the Preface, ' 


ſpeaks 


PREFACE xxKi 
freaks of them as recent, we may reaſonably 
preſume, they were in uſe long before his 
Time. 


Tux firſt Application of this Mixture to 
Military Affairs, ſeems to have been ſoon af- 
ter the Year 1300. Bacon's Propoſal (which 
was about the Year 1280,) to make uſe of its 
enormous Explofian for the Deſtruction of 
Armies might give the firſt Hint, which 
others might afterwards purſue. - Schwartz 
inſtead of being the firſt Inventor of Gun- 
Powder, might poſſibly be one of the firſt, 
who thus apply'd it; and indeed the common 
Account of the manner, in which he. came ac 
his Invention, very much favours this Opi- 
nion (@). And perhaps the different Improve- 

ments 

(a)The uſual Manner in which it i told is, that Schwartz 
having pounded the Materials of Gun-Powder in a Mortat, 
which he afterwards covered with a Stone, a Spark of Fire 
accidentally flew into the Mortar, and the Exploſion blew 
the Stone, which covered the Mortar, to a conſiderable Diſ- 
tance. Now we have proved, that Stubartz, who was a 
Chymiſt, could not diſcover the Compolition by this 
Means, becauſe it was commoaly known before ; but he 
might from hence be taught the ſimpleſt Method ef apply- 
ing itin War : For Bacon ſeems rather to have conceived 
the Manger of uſing it to be by the actual Effort of the 
Flame againſt the Bodies it — meet with in its Expan - 


ſion. 
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ments ſoon added by, others, or the Proſecu- 
tion of Bacon's Thought in different Places, 
may have given Riſe to the different Dates 
aſſigned by Hiſtorians for the firſt uſe of Ar- 
tillery. 


Gun-Powvper for ſome Time after the In- 
vention of Artillery, was of a Compoſition 
much weaker (a) than what we now ufe, or 
than that ancient one mentioned by Marcus 
Gracus; but this, I preſume, was owing to 
the Weakneſs of their firſt Pieces, rather than 
to the Ignorance of a better Mixture. For 
the firſt Pieces of Artillery were of a very 


clumſy, inconvenient Make, being uſually 


framed of ſeveral Pieces of Iron fitted together 
lengthways, and then hoop'd with Iron Rings; 
and as they were firſt employed in throwing 
Stone Bullets of a prodigious Weight, in Imi- 
tation of the ancient Machines, to which they 


fon. The Figuin and Nama Mortars given to a Spe- 
cies of the old Artillery, and their Employment (which 
was throwing great Stone Bullets at an n very an 


corroborate this Conjecture, 
_ Vide Tartalea in his Dreſiti & Twventioni, Lib, 3. Sele 


5. where there are ſet down twenty - three different Com- 
poſitions made uſe of at different Times. The firſt of 
which being the moſt ancient, contains equal * of 


Nitre, Sulphur, and Charcoal. 


ſu uc- 


Powder, foon occafioned an Akteration in 
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ſucceeded, they were of an enormous Bore. 
Bur che Difficulties of and ma- 
naging theſe cumbrou Pieces, and the diſ- 
covering that Iron Bullets of much leſs Weighe 
than Stone ones, would be more efficacious, if 
impelled by greater Quantities. of ſtronger 


the Matter and Fabric of theſe firſt Pieces, 


and gave Riſe to what we ſtile Braſs Can- 


non, which though ligher and more ma- 
nageable, were yet much ſtronger in proportion 


to their Bore, by which Means chey would en- 


dure great Charges of à better Powder, than 


what had firſt been uſed, and their Iron Bul- 


lets (which were from forty to fixty Pound 


Weight) being impelled with greater Velocr- 


ties were more effectual, than the weightieſt 


Stanee could ever prove (a). - 

" Tha Time when this Change: taok Place, amd the 
Advantages ariſing from it, are mentioned by Guicciardin, 
wha ſpeaking. of the French Army intended for the Invaſion 
of Lach, in the Year 1494, ſays, 

Et per unirfi con queſto FAO eram flate condatts 
per mare a Genaua quantity grande d artiglieris da battare 
he muraglic, & da aa in campagna, ONES | 
giamai nan. haveve veduta Italia Ie ſimiglianti. Quefla puſte 
trovata malt! anni innanz in Germania, fu condatia la prima 
volta in Italia da Vinitiani nella guerra, che circa Faure 


del 
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By this Means, Powder compounded in 


the ſame Manner, which is now 2 by 
Aale ſalate I 380, A i Genoueh con os .N 
name delle maggiori era bombarde. le quali, ſaarſa depo 

queſta inventione per tutta Italia &adoperavano nell oppugna” 
tione delle terre, alcune di ferro, alcuni di.bronzo, ma griſ- 
fene, in modo che per la machina grande, & per Þ imperi- 
tia de gÞ huomini, & mala attitudine de gl inſtrumenti tar- + 
diſſimamente & con grandiſſima difficulta ſi conducevane, pian- 
tavanfi alle terre con medeſimi impedimenti, & piantate, era 


dall un colpo all altro tanto intervallo, che con piccolifſimo 


frutto 4 comparatione di | quello, che ſeguito dopo, - molto 
tempo conſumavano, donde i defenſori de luoght . oppugnati 
havevano ſpatio di potere otifamente fore di dentro ripari & 
fortificationi, Ma i Franceſi fabricando peze} molti 
piu —— ne di altro che di bronxo, i quali chiamavono Can- 

noni, & uſando palle di ferro, dove prima di pietra, & ſenſa 


comparatiane piu groſſe & di peſo graviſſimo, , uſavane, 
gli conducevano ſu le carette, tirate (non da buoi, come in Ita- 


lia i coſtumava) ma da cavalli con agilita tale dhuomini, 
& d'inſtrumenti deputati a queſto ſervigio, che quaſi ſempre 


al pari de gPeſerciti caminavano, & condette alle muraglie erano 


piantate con preflezza incredibile, interponendeſs dal! un 
colpo all altro piccoliſſimo intervallo di tempo, fi ſpeſſo, & con 
impeto ſi gagghardo percotevano, che quello che prima in 
Italia fare in molti giorni fi foleva, da loro in pochiſſime hore fi 


faceva. Vid. Guicciardin's Hiſtory, L. 1. p. 45. What 
this Author obſerves of the prodigious Size of the Stone Bul- 
lets uſed whilſt the old Pieces were in Faſhion, will be bet- 


ter underſtood by knowing, that when Mabomet the ſecond 
beſieged Conſtantinople in the Year 1453, he battered the 
Walls with Stone Bullets, and his Pieces were ſome oft hem 
of the Calibre of 1200 Pounds; but then they could not 
be fired more than four Times a Day. 1 
a 
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all Europe, came in uſe (a). But the Change 
of the Proportion of the Materials compoſing 
it, was not the only Improvement it receiv'd. 


The Invention of graining it, is doubtleſs a 


conſiderable Advantage to it. For Powder at 
firſt was always in the Form of fine Meal, ſuch 
as it was reduced to, by grinding the Materials 
together. And it is doubtful, whether the firſt 
graining of Powder was intended to increaſe 
its Strength, or only to render it more conve- 
nient for the filling into ſmall Charges, and 
the charging of ſmall Arms, to which alone 
it was applied for many Years, whilſt Meal- 
Powder was ſtill made uſe of in Cannon. But 
at laſt the additional Strength, which the 
grain'd Powder was found to acquire from 
the free Paſſage of the Fire between the Grains, 


(a) We learn from Tartalea, that the Cannon Powder 
in his Time (palver graſſa moderna) was made of four Parts 
Saltpetre, one Part Sulphur, and one Part Charcoal, and 
the Muſquet Powder of forty-eight Parts Saltpetre, ſeven 
PartsSulphur, -and eight Parts Charcoal ; or of eighteen 
Parts Saltpetre, 2 Parts Sulphur, and three Parts Charcoal, 

Theſe Compoſitions for Muſquet Powder are very near 
the preſent Standard ; the firſt having in one hundred Pounds 
of Powder, about one Pound of Saltpetre more than is at 


preſent allowed, and the ſecond three Pounds more. 1 


+M o- 


xvi PREFACE. 


oceafioned the Meal-Powder to be _ laid 
aſide (a). 


Ta 2 Formation of Artillery hath been very 
little improved in the laſt two hundred Years ; 
the beſt Pieces now caſt, not differing greatly 
in cheir Proportions from thoſe made in the 
Time of the Emperor Charles V. Indeed light- 
er and ſhorter Pieces have been often propoſed, 


(a) That Powder was firſt uſed in Meal ; and that long 
after the Invention of Graining it for the the Uſe of ſmall 
Arms, Cannon-Powder continued in its old Form, are FaQts 
not to be conteſted. Tartalea in his Puefiti, L. 3. Dueſ. 
9. and 10. expreſily aſſerts, that then the Cannon-Powder 
was in Meal, and the Muſquet- Powder grained. - And our 
Countryman William Beurn, in his ART. or SHOOTING 
IN GREAT ORDNAUNCE, publiſhed forty Years after 
Tartalea, tells us in Chap. 1. that Serpentine-Powder ( which 
he oppoſes to Corn or Grained-Powder) ſhould be as fine as 
Sand, and as ſoft as Flour: And in his third Chapter he 
ſays, that two Pounds of Corn-Powder will go as far as three 
Pounds of Serpentine-Powder. Alſo Sir Henry Manwayring, 
in his SEAMAn's DICTIONARY preſented to the Duke of 
Buckingham in the Time of Charles I. under the Word 
Powder, tells us, there are two Kinds of Powder, the one 
Serpentine- Powder, which Powder is Duft (as it were) with- 
out corning De other is Corn-Powder. Though he 
informs us the Serpentine-Powder was not uſed at Sea. Indeed 
when that Book was wrote, I believe, Powder was uſually 
corned, for the foreign Writers on Artillery had long be- 
fore recommended its general Uſe, 


and 
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and eſſayed; but, though they have their Ad- 
rantages, and are extremely uſeful in patti- 
cular Circumſtances, yet it feems now to be 
agreed, that they are altogether inſufficient for 
general Service, But though the Proportions 
of Artillery have not been much varied within 
that Period, yet its. Uſe and Application have 
undergone confiderable Changes, the ſame Ends 
being now generally purſued by ſmaller Pieces, 
than what were formerly thought neceſſary: 
Thus the Battering- Pieces now univerſally ap- 
proved of, are the Demi-Cannons, carrying 4 
Ball of twenty four Pound weight, it being 
found by Experience, that their Stroke, tho" 
leſs violent than that of larger Pieces, is yet 
ſufficiencly adapted to the Strength of the uſu- 
al Profiles of Fortification, and that the Faci- 
liry of their Carriage and Management, and 
the Ammunition they ſpare, give them great 
Advantages beyond the whole Cannons for- 
merly employed in making Breaches. The 
Method too (now generally followed) of form- 
ing a Breach, by firſt cutting off the whole 
Wall as low as poffible, before its upper Part 
is attempted to be beat down, ſeems alſo to 
be a conſiderable modern Improvement in the 

Part of Artillery. For I do not re- 
mender to have ſeen this Procedure recom- 
C 3 Derr 
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mended by any ancient. Author; and Gabriel 
Buſca (a) who boaſts much of his great Ex- 
perience, expreſily directs the Contrary. In- 
deed Collado mentions it as the Practice of the 
Turks, () but it is without commending it, 
or nn it as an Example to be followed. 
Bur che moſt important Improvement in 
the practical Management of Artillery (for of 
the ſcientific Part we ſhall treat by i 10 ſelf) is 
the Method of firing with ſmall Quantities 
of Powder, and elevating the Piece ſo that the 
Buller in itz Deſcent may juſt go clear of the Pa» 


(a) Vid. His J ntruttione te Bombardieri printed at Car- 
magnola in 1584, Cap. xxxvii. in which Place he orders 
the Breach to be begun at the upper Part of the Wall, and 
from thence to be continued downwards. 

Y Vid. Pratica Manuale di Artegliera d al Mag. Sig- 
nor Luigi Cellado Hiſpana, Bettico, Nebriſenſe, printed at Ve- 
nice in the Year. 1586, Cap. xx. Where he ſays, nelle 
fattioni del gran Turco — ſempre fi adaperano i pezzi —— 
da tagliare le muraglie per di ſotto di eſſe tranſuerſalmente, et 
di pet di alto in baſſe a perpendicolo, & applicandevi poi tutti a 
un tratto i baſili chi, con che fanno caſcar giu quella parte di 
muraglia che era gia tagliata. Tbis Book here quoted was 
compoſed and publiſhed in Halian, altho* the Author was a 
Spaniard. But he ſerved as an Engineer in the Spaniſh Ar- 
my in ah. And he tells us in his Preface, that he ſoon in- 
tended to re-publiſh it in Spaniſb, which laſt Edition is, I pre- 
ewe what is quoted by Blendel in his Art de jetter les Bambes. 


rapet 
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rapet of the Enemy, and drop into their Works. 
By this Means the Bullet coming to the 
Ground in a ſmall Angle, and with a ſmall 
Velocity, it either bounds or rolls along in the 
Direction it was fired in; and therefore, if 
the Piece be placed in a Line with the Bat- 
tery it is intended to filence, or the Front it is 
to ſweep, each Shot rakes the whole Length of 
that Battery or Front, and has thereby infinitely 
more Chance of diſabling the Defendents, and 
diſmounting their Cannon, than it would have, if 
it was fired againſt the ſame Works in the com- 
mon Manner. This Diſpoſition of Artillery, 
which is indeed a moſt uſeful one, is theInvention 
of the Marechal de Vauban, and is by him ſtiled 
Batterie d ricocbet (a) and was firſt put in 
Practice at the Siege of  Aeth, in the Year 
(0) 1692. 


AFTER this brief Recital of what has been 
done in the mechanic Part of Gunnery, we 
muſt next - mention the different Theories, 
which have been from time to time advanced 
in relation to. the Motions of Shells and Bul- 


(a) Vid. his Book De I Attaque et la Defence des places. 
% Vid. The Journal of this Siege printed at the end 


of the laſt Edition of Goulon's Memoires. pc 
a 7 lets; 
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lets; in which Inquiry we (hall not indeed 
find many Thipgs worthy of Approbation, ar 
even of Attention ; but however, as it is a 
Theme in ſome Meaſure connected with the 
Subject of the following Treatiſe, we muſt 
beg the Reader's Indulgence, ; 


fry 

Tux firſt Author I have ſeen, who has pro. 
feſſedly written on the Flight of Cannon Shot, 
is Tartalea, a celebrated Italian Mathemas 
tician, famous for having invented the Me- 
thod of folving cubic Equations, which is uſu» 
ally aſcribed to Carden. This Author in his 
Nova Scientia, printed at Venice in the Year 
1537, and afterwards in his Quefiti er Inven- 
tioni diverſ, printed at the fame Place in 
1546, has profeſſedly diſcuſſed ſeveral Particu» 
lars relating to the Theory of theſe. Motions, 
And though the then imperfe& State of Me- 
chanicks furniſhed him with very fallacious 
Principles to proceed on, yet he was not alto. 
gether unſucceſsful in his Inquiries: For he is 
ſuppoſed to be the firſt who aſſerted that the 
greateſt Range of Proje&iles was at an Bleva- 
tion of 45% He likewiſe determined (con- 
trary to the Opinion of Practitioners) that no 
Part of the Track deſcribed by a Bullet was a 
right Line, although che Curvature was io ſome 
| caſes 
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caſes fo little, as not to be attended to, he com- 
paring it to the Surface of the Sea, which 
though it appears to be a Plaia when partially 
confidered, is yet undoubtedly incurvated round 
the center of the Earth. He alſo affumes to 
himſelf the Iavention of the Gunner's Qua- 
drant, and has often given ſhrewd Guefles at 
the Event of ſome untried Methods which 
were propoſed to him. Bur as he had never 
been converſant in the Practice of Artillery, 
but founded his Opinions on Speculation only, 
almoſt all che Writers who ſuecteded him were 
renee carping at him, though often with 
out natning him; of which many Examples 
might be given fram the Works of Buſes, 
Collado, (a) Ufano, Simienowitz, &e. And 
the Philoſophers of thoſe Times often inter- 
vening in the Queſtions hence arifiog, there 
were hereby many Diſpares on Motion ſer on 


| 600 Collada cap. Ixiii. denies that Turrales was the In- 
ventor of the Gunner's Quadrant, and quotes Daniel Sant- 
hech, or Regiomontunes (for he confounds them) as having 
known it many Years before, But the Truth is, that Saws. 
bech's Book from whence his Quotation is taken (Proble- 
matum Aftrononucorum & Geemetricorum ſettiones fegtem) was 
not printed till the Year 2561, which was long after Tar- 
tal. Nor did Santbech, though he talks of the differen 
Elevations of Artillety, know the Mirthud of framing a 
Quadrant proper for his Purpoſe, 
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foot (eſpecially in Italy) which continued till 


the Time of Galileo, and perhaps gave Riſe to 


his celebrated Dialogues on Motion, which 
were firſt printed in the Year 1638. And in 


this Interval, or before the Doctrine of Galileo 


was eſtabliſhed, many Theories of the Mo- 


tions of military Prejectiles, and many Tables 
of their comparative Ranges at different Ele- 
vations were publiſhed, all of them egregiouſ- 
ly fallacious, and utterly irreconcileable with 
the Motions of thoſe Bodies, although ſome of 
them were the Labours of ſuch who had ſpent 
the greateſt Part of their Lives in Employ- 
ments relating to the Artillery. Such were 
the Tables of Ufans, of Galeus, of Ulrich, 
Sc. taken notice of by Blondel (a). To which 
might be added, many more not mentioned 
by that Author. Indeed there have been very 
few ancient Writers on this Subject (and they 
are a numerous Seat) who have not indulged 
themſelves in ſome Speculations on the Differ- 
ence betwixt natural, violent, and mixt Mo- 
tions, although in the Application of theſe 

(b) Note, the Opinion diſcuſſed by Blandel in his Art de 
jetter les Bombes, Cap. v. is not originally of Rivaltius whom 


Blondel quotes for it, but of the laſt mentioned Sant bech, 
from whom Rivaltius ſtole it. Vid. Santbech, Sect. 6. 


miſtaken 


PREFACE. xliii 


miſtaken n Gare any! two of them 
agreed. | 


Bur — is mal ſtrange, is, tot Joris 
theſe Conteſts ſo few of thoſe, who were in- 
truſted with the Charge of Artillery, ſhould 
think it worth while to examine their reſpec- 
tive Theories by proper Experiments. However 
thus it has happened, for I do not remember to 
have met with more than four Authors, who 
have actually tried the Ranges of Shot and Shells 
at different Elevations. The firſt of theſe is 
Collado, who has given us the Ranges of a 
Falconet carrying a three Pound Shot to each 
Point of the Gunner's Quadrant. But from his 
Numbers it is manifeſt, that the Piece was not 


1 with its cuſtomary Allotment of Pow- 


der (a), The next is our Countryman Bourne 

| | | in 

(a) The Reſult of his Trials was, that the paint blank 
Shot extended 268 Paces. At an Elevation of one Point 
(which is the twelfth Part of the Quadrant or 7) the 
Range was 594 Paces; at an Elevation of two Points, the 
Range was 794 Paces; at three Points, 954 Paces ; at four 
Points, 1010 Paces ; at five Points, 1040 Paces ; and at ſix 
Points 1053 Paces, The Range at the ſeventh Point fell 
between thoſe of the third and fourth, at the eighth Point 
it fell between the Ranges of the ſecond and third ; at the 
ninth Point it fell between the Ranges of the firſt and ſe- 
cond 3 
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in a Treatiſe printed the next Year after Col- 
lado. His Elevations were not regulated by 
the Points of the Gunner's Quadrant, but by 
Degrees, and he aſcertains the Proportion be- 
tween the Ranges at different Eleyations, and 
the Extent of the Point blank Shot (a). But 
he has not informed us, with what Piece he 
made his Trials ; tho' by his Proportions, I pre- 
ſume, ir muſt have been a ſmall one. It were 
to be wiſhed, that he had fer down this Cir- 
cumſtance ; for we ſhall hereafter ſhew, that 
the Relation between the Extent of different 
Ranges will vary extremely, according to the 
Velocity and Denſity of the Bullet. The other 


cond ; at the tenth Point it fell between the point blank 
Diftance and that of the firſt Point; and at the eleventh 
Point it fell very near the Piece. Nd. Cap. lxi. And 


note, that the Paces uſed by this Author are not geome- 


trical Paces, but common Steps, as he informs us Cap.xlii. 
(a) If t repreſents the Extent of the point blank Shot, 
then according to this Author, the Range at 50 will be 
22, at 10% it will be 34, at 15 it will be 44 at 20 it 
will be 44, and the greateſt Random will be 5: ; which 
greateſt Random, he tells us, in a calm Day is at 4203 
but according to the Strength of the Wind, and as it fa- 
vours or oppoſes the Flight of the Shot, it may be from 
45% to 36®, Vid. Hs Ar of Shooting in great Ordaaunce 
Cap. vii. 
two, 


PREFACE. xl 
toro, which have occurred to mo, are Elured and 
Anderfon, both Engii/hmen ; the laſt of theſe 
having vitiared his Experiments by his too 


great Attachment to an etrbneous Theory, 1 


ſhall ha ve Occaſion to mention him hereaſter. 


But Eldred (a) deſerves a better Character; 


his Principles were ſufficiently fimple, and tho 
not rigorouſly true, they were, within certain 
Limits, near the Truth. He has given us the 
actual Ranges of different Pieces of Artillery at 
ſmall Elevations, all under ten Degrees. His 
Experiments are numerous, and appear to 'be 
made with great Care and Caution; and he has 


honeſtly ſet down ſome, which were not re- 


concileable ta his Method; and upon the whole 
ſeems to have taken more Pains, and to have 
had a juſter Knowledge of his Buſineſs, than is 
to be found ip many of his practical Brethreu. 
For they have been generally too much attach'd 
to ſome incorrect Theory, or to the cołnmon 
Uſage which they have always followed, to 
_ think of extending their Art by proper Expe- 


(a) His Book is intitled THE GunneR's Grasss, and 
the Experiments he relates were moſt of them made at Dover - 
Caſtile, of which Place he was many Years Maſter-Gunner. 
The earlieſt Date I find to any of his Experiments is x611, 
but his Book was not publiſhed till 1646. 

riments, 
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riments, or indeed to conceive, that it Was not 
already compleat; it would otherwiſe have been 
impoſſible, that Poſitions ſo little to be reconciled 
with Experience, ſhould have held their Ground 
ſo long as they have done, a remarkable Inſtance 
of which, is the Doctrine which has taken 
Place in this Subject, ſince the Time of Galileo. 


GALILEO printed his Dialogues on Motion 
in the Vear 1638, as we have already obſerved; 
and in theſe he has pointed out the general Laws 
obſerved by Nature in the Production and Com- 
poſition of Motion, and was the firſt, who de- 
ſcribed the Action and Effects of Gravity on 
falling Bodies; and on theſe Principles he de- 
termined, that the Flight of a Cannon-Shor, 
or of any other Projectile, would be in the 
Curve of a Parabola, unleſs fo far as it were 
diverted from that Track by the Reſiſtance 
of the Air. And what Inequalities would 
thence ariſe, he has propoſed the Means of 
examining ; for he has deſcribed a Method of 
diſcovering what ſenſible Effects that Reſiſt. 
ance would produce in the Motion of a Bul- 
let at ſome given Diſtance from the Piece. 


Wren Galileo had thus ſhewn, that, inde- 
pendent of the Reſiſtance of. the Air, all Pro- 
, jectiles 


* 
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jectiles would in their Flight deſcribe the Curve 
of a Parabola, it might have been expected that 
thoſe who came after him, would have cried how 
far the real Motions of Projectiles deviated from 
a parabolic Track, in order thence to have de- 
cided whether the Reſiſtance of the Air was, 
or was nor, neceſſary to be attended to in the 
Determinations of Gunnery, But inſtead of 
this cautious Procedure, the ſubſequent Wri- 
ters on Gunnery have boldly aſſerted (without 
an experimental Examination) that no conſi- 
derable Variation could ariſe from the Reſiſt- 
ance of the Air, in the Flight of Shells or 
Cannon- Shot, ſupporting themſelves in this 
Perſuaſion chiefly by the Conſideration of the 
extreme Rarity of the Air, compared with 
the denſe and ponderous Compoſition of thoſe 
projected Bodies. And hence. (this Maxim 
of the inconſiderable Effects of the Air's Re- 
fiſtance to the Motion of Shells and Bullets, 
being continually repeated and copied by ſuc- 


_ ceeding Authors,) it is now become an Axi- 


om almoſt generally acquieſced in, . that the 
Flight of theſe Bodies is nearly in the Curve 
of a Parabola, 


Fox in the Year 1674, our Countryman An- 


derſon publiſhed his Treatiſe of the genuine U/e 
and 


wy 
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' and Effetls of the Gun. In which he proceeds 


on the Principles of Galileo, and firenuoufly 
afferts the Flight of all Bullets to be in the 
Curve of a Parabola ; undertaking to unſwer 
al} Odjections, that could be urged to the eon- 
trary. And in the Year 1683, Monfieur Bion 
del publiſhed at Paris, L' Art de fetter les 
Bombes, where the Doctrine of Galileo is like- 
wile applied to the Motion of Shells and Bul- 
lets of alt kinds, and the Variations - of this 
Doctrine which can ariſe from the Reſiſtance 
of the Air, are particularly mentioned ; and 
after a long Diſcuſſion the Author concludes, 
that they will be fo very minute as ſearcely to 
affect the Accuracy of bis Concluſions (. 
Alſo, the ſame Subject is treated of in our Phi- 
loſophical Tranſactions (56) by Dr. Haily, who, 
ſwayed by the Conſideration of the very great 
Difproportion between the Denſity of Bullets 
and of the Air, thinks it reaſonable to believe, that 
the Oppoſition of the Air to large Metal Shot 
is ſcarcely diſcernable, although in ſmall and 


light Shot he acknowledges, that it ought and 


muſt be accounted for. 
In conſequence then of theſe Opinions a- 
bout the inconſiderable Effects of the Air's Re- 


(a) Vid. Page 345. of the firſt Quarto Edition at the 
Bottom, alſo Page 355. and following. 
(b) Vid. No 216. p. 68. ſiſtance 


g 
4 
e 
Cr 
— 
— 
2 
's 
- 
d 


„reren ere 


PRE FACE. xlix 
ſiſtance on heavy Shot, and the Demonſtrations 
of Galileo, that all Projectiles moved in the 
Curve of a Parabola, if they were not diſturb- 
ed by that Reſiſtance, it is now an Opinion ge- 
netally advanced by the Writers on the Theory 
of Gungery, that the Flight of Shot and Shells 

is nearly in the Curve of a Parabola ; for the 
Truth of which, we may appeal to the pro- 
feſſed Authors on this Subject, who have wrote 
within the laſt forty Years. | 


Bor though this Hypotheſis went e 
on with thoſe, who contented themſelves wit 

Speculation only ; z yet Anderſon, who made a 
great Number of Trials, found it impoſſible 
to ſopport it without ſome new Modification, 


For though it does not appear, that he ever 


examined the comparative Ranges of either 
Cannon or Muſquet Shot when fired with their 
uſual Velocities; yet his Experiments on the 
Ranges of Shells thrown with ſmall Velocities 
(in reſpect of thoſe laſt mentioned) convinced 
him, that their whole Track was not Parabo- 
lical, as appears by his Treatiſe, intituled, To 
bit a Mark, publiſhed in the Year 1690. But 
inſtead of making the proper Inferences from 
hence, and diſcovering the Reſiſtance of the 
Air to be of conſiderable Efficacy, he from his 
great Attachment to his firſt Opinions framed 

| _— 8 
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{ha a new Hypotheſis, which was, that the 9hell 
1 ot Bullet at its firſt Diſcharge, flew a certain 
5 Diſtance in a right Line, from the End of 


1 which Line only it began to bend into a Para- 
1 bola. And this right Line which he calls the 
17 Line of the Impulſe of the Fire, be ſuppoſes 
[7 to be the ſame in all Elevations, By' this Hy- 
14 potheſis (though an indefenſible one) it was al- 
18-4 . ways in his Power, by aſſigning a proper Mag- 
1 nitude to this Line of Impulſe, to reconcile a- 
F. ny two Shot made at different Angles, how- 
4 ever oppoſite they might prove to the com- 
mon Principles. But even this new-modelled 
Theory, was not, I believe, confirmed by 
his following Experiments i for he has no 
where ventured to give us Experiments of three 
Ranges made at three different Elevations, with 

- the ſame Quantity of Powder ; as finding, 
I preſume, that though by this Scheme he 
could reconcile ewo jarring Ranges, the Irregu- 
larities of three were inſurmountable. And, 
if ſuch Inequalities were produced by the Re- 
ſiſtance of the Air in the Motion of a Shell, 
impelled from a Mortar by an inconſiderable 
Quantity of Powder, what may not the Acti- 
on of the Air be ſuppoſed to effect in the Mo- 
tions of Bullets, which being impelled by a 
full Charge of Powder through a much longer 
Cylinder, move perhaps three or four Times 
| 2 
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as faſt, and conſequently' undergo near fifty . 
Times the Reſiſtance, as will be more b. 
larly ev inced hereafter. 


Tu Ar the Refiſtance of the Air, which 
acts with ſuch prodigious Power on all ſwift 
Bodies, ſhould be entirely unattended to by the 
Practitioners in Gunnery, is not the only re- 
markable Circymſtance which occurs in this 
Enquiry ; for after the Publication of Sir Iſaac 
Newton's Philoſophia Naturalis Principia Ma- 
thematica, it might have been expected, that 
all Mathematicians ſhould have been convinced 
of irs Energy, fince in that immortal Work 
the Law and Qyantiry of this Reſiſtance to 
flow Motions is determined, and confirmed by 
many Experiments. Indeed the fame Lay 
when extended to ſwift Motions will be defec- 
tive, and will exhibit the Reſiſtance. greatly 
ſhort of what it really comes out by Experi- 
ment, (of which Sir 1/aac. Newton himſelf has 
given us (a) warning ; 3) yet even upon his Prin- 
ciples it would appear, that the Action of the 
Air on Bullets is by far too conſiderable to be 
neglected. But notwithſtanding this obvious 
Proof of the Neceſſity of conſidering the Acti- 
on of the Air on military Projectiles, I can re- 
collect but one Inſtance, where any — 


| > Vid. Phil. Nat. Prin. Math. p. 351.1. 17. 
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tions founded on Sir Jſaac Newten's Doctrine, 
have been applied to theſe Motions (a). | 


To ſum up now at once all we here intend 
to obſerve on this Head. It appears, that the 


modern Writers on the Art of Gunnery have 


been very much deceived, in ſuppoſing the Re- 
ſiſtance of the Air to be inconſiderable, and 
thence aſſerting, that the Track of Shot and 
Shells of all kinds is nearly in the Curve of a 
Parabola, That by this Means it has happen- | 
ed, that all their Determinations about the 
Flight of Shot diſcharged with conſiderable 
Degrees of Celerity are extreamly erroneous, 
and conſequently that the preſent Theory of 
Gunnery in this its moſt important, Branch is 
uſeleſs and fallacious. 


Now to obviate in ſome degree theſe Im- 
er fections in this Art, we have undertaken in 
the ſecond Chapter of the enſuing Treatiſe, 
not only to confirm what we have here af. 
ſerted relating to the Falſity of the parabo- 
lic Motion of theſe Projectiles, but likewiſe 
to aſcertain the actual Degree of Reſiſtance, 
which every Shot undergoes according to the 
Velocity with which it moves; whence, as the 


(6) | Vid comm. A ad. Petrop. Tom. 2. f. 338. 339- 
Ves 
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Velocity with which the Bullet iſſues from 
the Piece is eaſily known by the Principles 
delivered in the firſt Chapter, the Delineation 
of the Track paſſed through by the Bullet 
hereby becomes a geometrical Problem, which 
indeed in its utmoſt extent is of a very com- 
plicate and opetoſe Kind; but in the Inſtances 
which are moſt frequent in practice, it ad- 
mits of ſome very eaſy Approximations, which 
enable us readily to compare the actual Ranges 
of Bullets with the Reſult of this Theory. 


AnD though ſuch as examine the follow- 
ing Treatiſe with Attention, will not, I be- 
lieve, entertain many Doubts of the Certainty 
of the Determinations therein contained; yer 
it might have been expected perhaps, that 
the Accuracy of thoſe Principles ſhould have 
been ſtill more irrefragably eſtabliſhed by Ex- 
periments on the real Ranges of Pieces, com- 
pared with Computations founded on this 
Theory. And, indeed, I did once intend to 
have added a Chapter with this view; but 
two Reaſons have diverted me from this De- 
ſign. The firſt was, the Difficulty I found in 
aſcertaining the extended Ranges; a Difficulty 
which none but thoſe who ſhall attempt Ex- 
periments of the ſame Kind, can be judges of, 
The ſecond Reaſon was an Irregularity which 
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intervened in theſe Ranges, and which ren- 
dered all my Endeavours fruitleſs; for the 
fame Piece at the ſame Elevation would con- 
vey the Bullet to very diſtant Places, ſo that 
no two Trials agreed with each other, as I 


Fd 


have more particularly recited in the 7th 


Propoſition of the 2d Chapter. 


Bu r notwithſtanding theſe Difficulties, which 
have hindered me from inſerting in the fol- 
lowing : Treatiſe ſuch Experiments on the 
Ranges of Shot, as might corroborate the 
Theory of Reſiſtance there delivered, I have 


yet reſolved to purſue this Subject; and I flat. 


ter myſelf, that I have invented a Method of 
preventing the laſt-mentioned Inequality from 
taking Place, which unleſs it can be done, it 
is ſufficiently obvious, how fruitleſs all Experi- 


ments of this kind muſt prove. The Reſolc 


of my future Trials on this Head, I intend for 
a ſecond Part to this Treatiſe, in which, be- 
ſides theſe Experiments on the Track de- 
ſcribed by the Flight of Bullets, and the ne- 
ceſſary geometrical Determinations wich which 
they muſt be compared, I propoſe to inſert 
many other Experiments, which though of a 
miſcellaneous Nature, are yet all of them con- 
need in ſome degree with the Theory ar 


Practice of Gunnery. I ſhall alſo annex to 
| this 
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PREFACE. .. It 


this ſecond Part many Maxims and practical 


Precepts, which will ariſe: from the preced- 
ing Principles, and will, I hope, be of ſome 
Conſequence in the future Management of 
Artillery. A conſiderable Part of this ſecond 
Work I have already. by me, as likewiſe an 
Apparatus purpoſely intended for compleating 
it. But thoſe Experiments which are yet 
wanting, will require great Leiſure and a pro- 
per Sea ſon to execute. 


As the following Sheets, beſides the Deter- 
mination of the Quantity of the Air's Refiſt- 
ance, do likewiſe contain the Theory of the 
Force and Action of Powder; it may perhaps 
be expected, that I ſhould give ſome Account 
of what preceding Authors have advanced on 
this Subject. But all, I have ever met with on 
this Head, hath been ſo vague and indiſtinct, 
that it is often difficult to determine the true 
Meaning of the Writer. The moſt intelligible 
Hypotheſis on this Head, and what ſeems indeed 
to have been the Original of all the others, is 
that of Monſieur de Je Hire. 


In. the Hiſtory of the French Academy for 
the Year 1702, Monſieur de la Hire has ſup- 
poſed, that the Force of Powder may be ow- 
ing to the increaſed Elaſticity of the Air con- 
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rained in, end between the Grains, in conſe. 
quence of the Heat and Fire produced at the 
Time of the Exploſion. Now, if this Air, to 
whoſe augmented Spring the Violence of Gun- 
powder is imputed, be in irs nataral State, at 
the Time when the Powder is fired (and fure- 
ly whar is in the Intervals of the Grains muſt 
be allowed to be fo) the greateſt Addition its 
Elaſticity could acquire from the Flame of 
the Exploſion, would not amount to five times 
its uſual Quantity, as we ſhall more particu. 
larly evince hereafter (a); that is, it would 
not ſuffice for the two hundredth Part of the 
Effort, which we have found to be exerted 


by fired Powder. 


How vrk, this Hypotheſis hath given riſe 
to many Diſſertations and Treatiſes in a neigh- 
bouring Nation, and one Author in particu- 
lar conceives he has made a very reafonable 
Poſtulate, in ſuppoſing the Elaſtieity of the 
Air, when heated by the Exploſion of the Pow- 
der, to be only an hundred Times greater 
than when it is heated to the Degree of boil- 
ing Water, But as I think I have ſhewn 
the Impoſſibiliry of accounting for the actual 
Force of Power on theſe Principles, I will not 
detain the Reader any longer with a particular 


| (a) Vid. Prop. V. Cap. 1, of the following Treatiſe. 
Re 
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PRE FA CE. lvii- 
Recital of the Speculations of cheſe different - 
Writers; eſpecially, as I flatter myſelf, that I 
have eſtabliſhed that Theory of the Force of 
Powder, which is contained in the following 
Sheets, by ſuch deciſive Experiments, as will 
render a formal Confutation of any other wn” 
nion nn 


E RRAT A. 
AGE 28. line 3. for L M read LN. 
Es 32. lin. 6. Put a full Point after Velocity, and era 
t after indeed 
33. lin. 3 and 4 „for ſenſibly, read ſenſible. 


| Pag 75 lin. the 10, D 2 read D. 


Pag. 42. lin. 8, after Length add and Weight. 
Pag. 53. lin, 52 
NR Alſo lin. 35. for clear read 


Fag. 63. lin. 20. for by read from. 


Pag. 72. lin. 5. eraſe it. 
Fag. 93-.lin. 19. for rotary read rotatory. 
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Of the Force of Gunpouder. 
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PROPOSITION L' © 
Gunpowder, fired either in a Vacuum or in Air, 
| 88 its Exploſion a ATT Nh elaftic 


— pI red hot Iron be included in a Re- 
n | ceiver, and the Receiver be exhauſ- 
25 ed, and Gunpowder be then let fall 
on the Iron, the Powder will take 

— Fire, and the mercurial Gage will 
—ſuddenly . deſcend upon the Ex- 

| Tow and, tho' it . — aſcends again, 
yet it will never riſe to the Height it firſt ſtood at, but 
will continue GH by a Space proportioned to the 
Quantity of Gunpowder, which was let fall on the 
Iron. This is a well known Experiment, and is 
circumſtantially deſcribed by Mr. Haukſbee, in the 
Philoſophical Tranſat — ions, No. 295; in which 
Pes he tells us, that he by this means (firing ſmall 
e H,. reduced the Gage from 
| 29 


= 


829 Sd 
F 15 £34 2424 5 
50 » proves the Propoſition cad 
ion of à permanent elaſtic Flu- 
ann for the Dbſccnt of the Gage could 
IN: the Preflage of ſome new gene- 
2 * Receiver, ballancin in Part the 
feſſure of the external Air. That this Pfuict or 
ve Parr of it at leaſt was permanent, appears 
from what Mr. Haukſbee relates in the ſame Thr, 
that tho' the Quickſilver aſcended after the 
tion, yet it next Day had aſcended no higher than 
to 222, at which Place it ſeemed to continue fix'd. 
And, that this Fluid is elaſtic, is proved from the 
Deſcent of the mercurial Gage; ſince the Quantity 
of Matter contained in this Fluid, could not by its 
Gravity alone have funk the Quickfilver by the leaſt 
fenſible Quantity; alſo — its extending itſelf 
through any Space. however great; the Experiment 
— in either 3 large or fmall Receiver, only 
the larger the Neceiver the leſs will be the Deſcene 
of the mercurial Gage to the ſame Quantity of 
Powder; the Preſſure of the ——_— Fluid di- 
miniſhing, as its Denſity diminiſhes. 
"The ſame Production likewiſe takes Place, when 
der is Gred in the Air; * tor if 2, fall 
Ovzritity'of- Powder be placed in the per Part of 
a glaſs Tube, and the lower Part of the Tube be 
itmherged in Water, and the Water be made to 
riſe ſo hear the Top, that only a ſmall Portion of 
Air i leſe in that Fart where the wder is. 
placed 3 if in this Situation the Communication of 
the upper Part of the Tube with the external Air 
be eloſed, and the Gunpowder be fired (which may 
eaſily be done by a Burning-glaſs) the Warr 
will its this Experiment deſcend on the 
ax the Quickſilver did in che laſt, and will always 
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tontinue depreſſed below the Place, at which it ſtood 
before the oſion, and the Quantity of chis De- 
preſſion will be greater, if the Quantity of Pow- 
der be increaſed, or the Diameter of the Tube be 
diminiſhed. From whence it is proved, that as well 
in Air as in a Vacuum, the Exploſion of fired Powder 
produces a permanent elaſtic Fluid. AF hs 


SC HOLIU M. 


It has been known ever ſince the Time of Mr. 
Boyle, that many Subſtances, in Fermentation and 
other chymical Operations, produce elaſtic Flu- 
ids analogous in ſome of their Effects to the com- 
mon Air. It is likewiſe known, that other Mix- 
tures will in many Caſes abſorb a Part of the Air 
contiguous to them; in particular, it is obſerved, * 
that all burning Bodies and all ſulpliureous Fumes 
deſtroy great Quantities of Air, either by abſorbing 
it into their own Subſtance, or at leaſt by depriving 
it of its Elaſticity. This Creation and Confump- 
tion of Air in chymical Proceſſes has been lately 
moſt diligently and ſucceſsfully examined by the 
Reverend Mr. Hales in his Vegetable Statics.. And 
on theſe Principles it follows, that in the laſt Ex- 
rg the ſulphureous Fumes ariſing from the 
rning of the Charcoal and Brimſtone contained in 
the Powder muſt ſoon abſorb ſome of the Air, in 
which the Powder is fired; for which Reaſon 
it is neceſſary, that the Bulk of the Air, which the 
Powder is placed in, before it is fired, ſhould bear as 
ſmall! a Proportion as poſſible to the Quantity of 
Powder, ſo that the Succeſs of the Experiment 
may not be diſturbed by the abſorbed Air, ap- 
proaching to an Equality with the generated Fluid. 
There is beſides another Reaſon, that, when Powder 
is fired in the Manner of the laſt Experiment, the 
Bulk of the Air, a yhich it is placed, ſnould be as little 


as poſſible; vin, ra at the inſtant 2 


— 
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(4) 


the Expl. fion will greatly augment the Elaſticity of 
that Air, nd che Preffure ariſing from this increaſed 


Elaſticity, being added to the Force of the gene- 


rated Fluid, will endanger the- burſting of the Tube, 


| | PROP. II. 

To explain more particularly the Circumſtances 
attending the Exploſion of Gunpowder, either . 

ina Vacuum or in Air, when fired in theMan- 
ner deſcribed in the Experiments of the laſt 


Propoſition. | 


HEN any conſiderable Quantity of Gun- 
powder is fired in an exhauſted Receiver, 


by being let fall on a red hot Iron; the mercurial 


Gage inſtantly deſcends upon the Exploſion, and as 
ſuddenly aſcends again; and after a few Vibrations, 


none of which except the firſt are of any great Ex- 


tent, it ſeemingly fixes at a Place lower than where 


it ſtood before the Exploſion, and this ſtationary 
Point is, what we have always attended to in our Ex- 


periments. But even, when the Gage has acquired 
this Point of apparent Repoſe, it ſtill continues 
rifing for a conſiderable Time, altho' by ſuch im- 
perceptible Degrees, -that it can only be diſcovered 
by comparing together its Place at diſtant Intervals ; 
however, it will not always continue to aſcend, but 
will rife lower and flower, till at laſt it will be abſo- 
lutely fixed at a Point lower than where the Mer 


cury ſtood before the Exploſion. | 


The ſame Circumſtances nearly happen, when 
Powder is fired in the upper Part of an unexhauſted 
Tube, whoſe lower Part is immerged in Water. 
| Now theſe Appearances all ariſe from the different 
Modifications, which the Fluid produced from the 
Exploſion undergoes. : The firſt ſudden Deſcent of 
the Mercury is effected by the Action of that Fluid, 


while in the Form of Flame. When the Flame is 


extinguiſhed, 


(s) 
extinguiſhed, and conſequently the Heat of the Flu- 
id is diminiſhed, its Elaſticity is likewife diminiſh- 
ed; and this being effected in a very ſhort Time, 
occaſions the ſudden Riſe of the Mercury after the 
firſt Deſcent. When the Fluid is reduced to the 
Temperature of the containing Receiver, its Elaſti- 
City is then more fixed and invariable; and this muſt 
uſually happen by the Time the Mercurial Gage 
firſt appears to be ſtationary, The ſubſequent low 
Aſcent of the Mercury is partly owing te the De- 
creaſe of the Heat of the Receiver, occaſioned by 
the cooling of the hot Iron contained in it; but 
much more to the Action of the ſulphureous Fumes 
of the Brimſtone and Charcoal, which abſorb a Part 
of the generated Fluid, and thereby diminiſh ita 
Preſſure on the Gage. 


SCHOLIUM. 


In the following Propoſitions we ſhall irrefragably 
demonſtrate, that the Force of fired Gunpowder is no- 
thing more than the Preſſure of the Fluid, which is 
generated in the preceeding Experiments; and that 
this Fluid in its Action obſerves the ſame Laws with 
other elaſtic Fluids, particularly the Air; fo that what- 
ever Power is produced by the firing of a given 
Quantity of Gunpowder, the fame would de exerted 
by ſubſtituting in its ſtead a Quantity of Air equal 
to the Fluid generated in the Exploſion, provided. 
that Air be included in the ſame Space, and be heated 
to the ſame Degree, as the other Fluid is, at the In- 
ſtant of its firing. Mr. Hales has concluded, that 
the Weight of the factitious elaſtic Fluids produced 
fromchymical Proceſſes is the fame with that of com- 
mon Air; he having tried that produced from Tar- 
tar with great Exactneſs. He has found too, that 
they expand with Heat, and contract with Cold, and 
that with the ſame Prgflure they ate condenſed in the 
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66). 
ſame Degree with common Air. And that, when 


they are cleared of their ſulphureous Fumes, which 


is done by making them pals through Water, they 
will then continue for many Months, nay Tears, 
without loſing any conſiderable Part of their Elaſti- 
city. And from theſe and other Circumſtances he 
doubts not to aſſert, that theſe Fluids are true per- 
manent Air. Now if this be ſuppoſed of all, or any 
of the elaſtic Fluids produced by Diſtillation, Burn- 
ing; Fe. it muſt be preferably allowed to be true of 
that Fluid, which is generated in the Exploſion of 
Gunpowder ; ſince it is from Saltpetre alone, that 
this Fluid ſeems to be deriyed (for neither the Brim+ 
ſtone nor the Charcoal yield it, when fired by them- 
ſelves) and Saltpetre is known to be a Subſtance im- 
bibed from the Air by Earth ; for the ſame Parcel 
of Earth by being properly expoſed to the Air will 
furniſh Saltpetre over and over again for ever. Howe 
ever, tho? it be highly reaſonable to ſuppoſe, that 
the elaſtic Fluid ariſing from the firing xr —* is 
genuine and permanent Air; yet the Truth or Falſ- 
hood of this Suppoſition no ways affects the Certain. 
ty of our Concluſions. It is ſufficient for our Pur- 


poſe, that it is an elaſtic Fluid z whether it be Air or 


another Compoſition our Reaſoning will be till the 
ſame, ſince it 1s by Experiments on- this Fluid itſelf, 
and not by obſcure Speculations on its Nature and 
Qualities, that our future Deductions relating to its 
Force and Action are confirmed, + 
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The Elaficity or Preſſure of the Fluid pres 
&y the firing of Gunpowder, is caters paribus 
direttly as ts Denfpy. x.. 
YH 1 8 foltows from hence, that, if in che ume 
Receiver a double Quantity of Powder be let 
fall, the Mercury will ſubſide twice as much as 
an the firing of a ſingle Qhadtity” For the Vapour pro- 
duced from the 88 being contained in the 
ſame Receiver will be ot double the Denſity of chat pv 
duced from the ſingle Quantity; hence the Elaſtiity 
or Preſſure eſtimated i the Deſoent of ſne Mercury 
being likewiſe double, the Preſſure is directly as its 
Denſity, Alſo the Deſcenis of the Mercury, when equal 
Quantities ol Po det are fired in different Receiy ers. 
ate reciprocally as the Capacities of thoſe Receivers ; 
and conſequently as the Denſity uf the produced 
But as in the uſual Method of trying this Experi- 
ment, the Quantities of Powder are fo very imallz 
that it is difficult to afcettain cheſ Proportions to x 
requiſite Degree of Exactneſs, I took a large Receis 
ver containing about 320 laches, and ktting fall 
at once on the red hot Iron, x Dram or the j of an 
Ounce Avoirdupoiſe of Powder (the Receiver being 
firſt nearly exhauſted,) the Mercury after the Ex- 
logon was ſubſided 2 Inches exactly, and all the 
wder had taken Fire, Then heating the Iron a 
ſecond Time, and exhauſting it as be 2 Drag 
were let down at once, which ſunk the Mercury 3 
and a ſmall Part of the Powdet had fallen befide the. 
Iron, which (the Bottom of the Receiver being wet) 
did not fire, and the Quantity, that thus eſcaped, did. 
appear to be nearly ſufficient, had it fallem an the 


ins: 


_» elaſtic 


) 


Iron, to have ſank the Mercury Part of an Inch more: 


in which Cale the two Deſeents, viz.” 2 Inches, and 


A Inches, would have been accurately in the Propor- 


tion of the reſpective Quantities of Powder; from 
hich Proportion, as it was, they very little varied. 
bo Hence then it appears, . that the Elaſticity of the 
Vapour. produced by Gunpowder in its Exploſion 
is directly as its Denſity, © f 
ee, e 8 TID 
To determine the Elaſticity, and Quantity of this 

Fluid, ation the Exploſion of a 
' given Quantity of Gunpowder. | 
XS different Kinds of Gunpowder produce dif- 
{A erent tities of - this Fluid in Proportion 
to their different Degrees of Goodneſs, before 
any definite Determination of this kind can take Place it 


is neceſſary to aſcertain the particular Species of Pow- 


der that is propoſed to be uſed; and therefore ] ſhall in 
every Examination and Poſition relating to this Sub- 
ject ſuppoſe the Powder in Queſtion to be of the 
ſame ſort with what is made for the Uſe of the Go- 
vernment; that being by Contract to conſiſt of a 
known and invariable Proportion of Materials; and 


is therefore much properer for a Standard, than 


what is compounded according to the arbitrary Fan- 
cy of the Artiſt, : 


This being ſettled, we muſt further premiſe theſe 


two Principles, which we have already mentioned 


in the Scholium to Prop II. the firſt, that the Elaſti- 
= of this Fluid increaſes by Heat, and dimi- 
niſhes by Cold, in the ſame ner as that of the 
Air; the ſecond, that the Denſity of this Fluid 
and conſequently its Weight is the ſame with the 
Weight of an equal Bulk of Air, having the ſame 
Elaſticity, and the ſame Temperature, Now 


7 5 
b 
No from the Experiment recited in the laſt Pro- 
poſition, it appears that ; of anOurice Avoirdupoiſe or 
about 27 Grains Troy, of Powder, ſunk the 
on its Exploſion 2 Inches ; and the Mercury in 
Barometer ſtanding at near 30 Inches, of an 
Ounce Avoirdupoiſe, or 410 Grains Troy, would 
have filled the Receiver with a Fluid, whoſe Elafti- 
city would have been equal to the whole Preſſure 
of the Atmoſphere, or the ſame with the Elaſticity 
of the Air we breathe; and the Content of the 
Receiver being about 520 cubic Inches, it follows, 
that '5 of an Ounce of Powder will produce 520 
cubic Inches of a Fluid, poſſeſſing the ſame De- 
gree of Elafticity with- common Air; whence an 
Ounce of Powder will produce near 575 cubic 
Inches of ſuch a Fluid, L 3 
But in order to aſcertain the Denſity of this Fluid 
we muſt confider, what Part of its Elaſticity at the 
time of this Determination was owing to the Heat it re- 
ceived from the included hot Iron and the warm Re- 
ceiver. Now the general Heat of the Receiver bei 
manifeſtly leſs than that of boiling-Water, which is 
knownto increaſe the Elaſticity of theAir, ſomewhat 
more than; of its augmented Quantity, I collect from 
hence and other Circumſtances, that the Augmentation 
of Elaſticity ariſing from this Cauſe was about the 
= of the whole, that is, if the Fluid ariſing from the 
Exploſion had been reduced to the Temperatue of 
the external Air, the Deſcent of the Mercurial Gage 
inſtead of 2 Inches would have been only 1} Inch; 
whence 575, reduced in the Proportion of 5 to 4, be- 
comes 460, and this laſt Number repreſents the cubic 
Inches of an elaſtic Fluid equal in Denſity and Elaſti- 
city with common Air, which are produced ſrom the 
Exploſion of 1 Ounce Avoirdupoiſe of Gunpowder, 
the Weight of which Quantity of Fluid according to 
the uſual] Eſtimation of the Weight of Air is 13 1 Grains; 
| | whons 


#þ 
5 
| 
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(wo) ; 
_—_ this Fluid is 2. or nearly 
of che Weight of the generating Powder. 

If che Ratio of the Bulk of the Gunpowder to 
che Bulk of chis Fluid be wanted, this will be de- 
8 by knowing, that 1 Ounce 1 Dram, or 17 

ams Avoirdupoiſe of Powder, fill 2 cubie 
Inches, it the Powder be well ſhook together: 


vberefore augmenting the Number laſt found in the 


Proportion of 16 to 17, the reſulting Term 488 
is the Number of cubic Inches of an elaſtic Fluid, 
equal in Denſity with the Air produced from 2 cu: 
bic Inches pf Powder; whence the Ratio of the 
reſpective Bulks of the Powder, and the Fluid pro- 
duced from it, is in round Numbers, 1 to 244. 

- And tarther, to confirm this Determination, I 
fired the Quantity of a Dram of Powder four times 
ſucoeſſively, in an exhauſted Receiver by a Burning- 
glaſs; the Capacity of this Receiver was 470 Cubic 
Inches. Theſe Experiments were more troubleſome 
than thoſe, in which it was fired by a hot Iron, be- 
cauſe it was ſometimes long before it would fire; in 
which Interval the Air would often inſinuate itſelf, - 


and thereby diſturb the Meaſures of the Deſcent ; and 


beſides, near: Part of the Powder was uſually diſſi- 
pated unfired by the Blaſt : However, by collecting 


. the Grains that were thus ſcattered, and weighing 


them, and increaſing the Deſcent by a proportional 
Quantity, the Subſiding of the Mercury, correſpond- 
bo to one Dram of Powder, was the firſt time 
L -|- Inches, the ſecond time 1, 8 — Inches, the 
third time 2, 1 —, and the fourth time 1, 8 5 
Inches, or at a Medium 1, 9 6 Inches; and this, 
diminiſhed in the Ratio of 520 to 470, becomes 
1,77 for the Deſcent to a like Quantity in the firſt. 
Receiver. Now the Deduction to be made on Ac- 
count of the Heat of the Receiver was but little in 
theſe Experiments; for, by including a ſmall Ther- 


mometer, 1 round that the Fluid within the Re- 
: celver 


nd 
cetver was pot hotter after the Blaſt than that of the. 


Summer Air; NN it the Deſcent 1, 7 be re- 
duced in the Ratio of 13 to wy r 
that of the Elaſticity of hot Summer Air to tempe- 
rate Air, it becomes 1, 63 nearly, which differs 
little from 11, or 1, 6 which is, what we found it 
to be in the preceding Experiment: Whence the, 
Proportion between the reſpective Bulks of the Pow-. 
der, and the Fluid produced from it, may be ſtill 
aſſumed to be that of 1 to 2444. 
And this Ratio agrees very well with the Expe- 
riment recited by Mr. Haukſbee in his Phyſico- Me- 
chanit Expariments, p. 8 1; tor he chere found, that 
one Grain of Powder produced. hen fired in the 
Air, a cubic Inch of elaſtic Fluid, which, ſuppo- 
ſing the Denſity of Powder to be whit we ave 
here aſſigned, gives the Ratio of their reſpeRive, 
Bulks to be that of 1 to 2323 4 Difference, from 
what we have aſſigned aboye, that may eaſily ariſe, 
from the Difference of the Powder only. Whence, 
we may conclude, that the Preſence of a greater or 
leſs Quantity of Air does not affect the Production 
of this Fluid; ſince, by comparing Mr. Hauk bes 
periment with our own, it appears, that the ſame 
Quantity of this Fluid is generated in a Vacuum as, 
in the Air. kw Ne 
If chis Fluid, inſtead of expanding, when the, 
Powder was fired, had been confined. in the ſame- 
Space, which the Powder filled before. the Explo- 
ſion; then (its Elaſticity having been ſhewn to be 
as its Denſity) it would have had, in, that confined, 
State, a Degree of Elaſticity. 244. times greater, 
than that of common Air, and this independent of 
the great Augmentation this Elaſticity would re- 
ceive from the Action of the Fire in that inſtant. 
Hence then we are certain, that any Quantity, 
Powder fired in any confined Space, which it adge 
quately fills, exerts at the Inſtant of its Exploſion, 
2 ; | againſt - 


apainſt the Sides of the Veſſel containing it, and the 
Bodies it impells before it, a Force at leaſt 244 
times greater than the Elaſticity of common Air, 
or, which is the ſame thing, than the Preſſure of the 
Atmoſphere ; and this without confidering the great 
Addition which this Force will receive from the 
violent Degree of Heat, with which it is endued at 
that Time; the Quantity of which Augmentation is 
the next Head of our Enquiry. 


PROP. v. 
To determine how much the Eliſticity of the 


Air is augmented, when heated to the ex- 
tremeſt Heat of red-hot Iron. 


O fix this Point, I took a Piece of a Mufket- 
barrel, about fix Inches in Length, and or- 

der d one End to be cloſed up entirely, but the 
other End was drawn out conically, and finiſhed in 
an Aperture of about 5 of an Inch in Diameter. 
This Tube, thus fitted, was heated to the Extremity 
of a red Heat in a Smith's Forge, and was then 
immerged with its Aperture downwards in a Bucket 
of Water, and kept there, till it was cool; after 
which it was taken out carefully, and the Water, 
whieh had enter'd it in cooling, was exactly weigh'd. 
The Weight of the Water thus taken in at three 
different Trials was 610 Grains, 595 Grains, and 
600 Grains reſpectively. The Content of the 
whole Cavity of the Tube was 796 Grains of Wa- 
ter; whence the Spaces remaining unfilled in theſe 
three iments were equal in Bulk to 186, 2or, 
196 Grains of Water reſpectively ; and theſe Spaces 
did doubtleſs contain all the Air, which, when the 
Tube was red-hot, did extend through its whole 
Concavity z conſequently the Elaſticity of the Air, 
when heated to the extreme Heat of red. hot Iron, 
canta was 


(13) 

was tothe Elaſticity of the ſame Air, when reduced 
to the Temperature of the ambient Atmoſphere, 
as the whole Capacity of the Tube to the reſpective 
Spaces taken up by the cooled Air, that is, as 796 
to 186, 201, 196, or taking the Medium of theſe 
three Trials, as 796 to 194 j. 
The Heat given to the Tube each Time was the 
Beginning of what Workmen call a white Heart 
and to prevent the ruſhing in of the aqueous Va- 

at the Immerſion, which will otherwiſe drive 
out great Part of the Air, and render the Experiment 
fallacious, I had an Iron Wire filed tapering, fo as 
to fit the Aperture of the Tube, and with this I al- 
ways ſtopt it up, before it was taken from the Fire, 
letting it remain in till the whole was cool, when 
removing it, the due Quantity of Water would 
enter. 2 | * 


Nor. VE 
To determine how much that TE of the 


Fluid produced by the firing of Gunpowder, 
. which we have above aſſigned, is augmented 
by the Heat, it bas at the Time of its Explofion, 


KS Air and this Fluid a to be | 
affected by Heat and CoH, and competing? 
have theirElaſticities equally augmented by theAddi- 
tion of equal Degrees of Heat to each, if we ſu 
the Heat, with which the Flame of fired Powder is 
endued, to be the ſame as that of the extreme Heat 
of red-hot Iron, then the Elaſticity of the generated 
Fluid will be greater at the Time of Exploſion, 
when it is in the Form of Flame, than afterwards, 
when it is reduced to the Temperature of the am- 
bientAir, in the Ratio of 796 to 1943 nearly, that is, 
in the Ratio of the Elaſticities of common Air, 
— Circumſtances, aſcertained in the laſt Propo- 


Now 


f 
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No that the Heat of Powder, when fired in any 


conſiderable Quantity, is not lefs than that of red-hot 


Iron, ſeems fufficiently evident from the Appearance 


of the Flame, and the known Properties of ſome of 
its Materials; for the Fire produced by the Explo- 
fion is certainly as active as any common Fire; and 


it is well known, that all Fires will communicate a 


red-hot Heat to Iron, provided the Bulk of the Iron 
be —_— ſmall, when compared with the Quan- 
tity © ire, | 

This being ſuppoſed then, that the Flame of 
fired Gunpowder is not leſs hot than red-hot Iron, 
and the Elaſticity of the Air, and conſequently of 
the Fluid generated by the Exploſion, being aug- 


mented by the Extremity of this Heat in the Ratio 


of 194 10.796, as has been ſhewn in the laſt Pro- 
poſition, it follows, that if 244 be augmented in 
this Ratio, the reſulting Number, which is 999 }, 
will determine how many times the Elaſticity of the 
Flame of fired Powder exceeds the Elafticity of com- 
mon Air, ſuppoſing it to be confined in the fame 
Space which the Powder filled, before it was fired, 
For ſince we have ſhewn, in the 3d Propoſition, that 
the elaftic Fluid produced from the firing a Quan- 
tity of Powder would, if confined in the ſame Space 
which the Powder took up before its Exploſion, 
exert an Elaſticity 244 times greater than the Elaf- 
ticity of common Air, ſuppoling the Temperature 
of that Fluid and of the Air to be the fame; it is 
plain from hence, that, when 244 is increaſed in the 
Ratio, in which the Elaſticity of this Fluid is 
greater at the Time of the Exploſion than after- 
wards, the reſulting Number will aſcertain, how 
many times the Elafticity of this inflamed Fluid, 
at the Inſtant of its Exploſion, and before it has 
dilated itſelf, exceeds the Elaſticity of common 


Air. 
; Hence 


C115)" 

Hence then che abſolute Quantity of the Preflure 
exerted by Gunpowder at the. Moment of its Ex · 
ploſion may be 3 for, ſince the Fluid, then 
g-ocraged, bas an Elaſticity 9995 or in round Num- 
bers, 1000 times greater than common Air; and 
ſince common Air by its Elaſticity exerts a Preſſure 
on any given Surface equal ta the Weight of the in- 
cumbent Atmoſphere, with which it is in Egui- 
librio, the Preſſure exerted by fired Powder, betore 
it has dilated itſelt, is one thouſand times greater 
than the Preſſure of the Atmoſphere, and conſe- 
quently the Quantity of this Force, on a Surface of 
an Inch fquate, amounts to above 6 Tun Weight, 
which Force however diminiſhes, as the Fluid di- 
lates itſelf, according to what has been ſhewn in 
the third Propoſition. r 

SC HOLIU M. 1 

Tho' we have here ſuppoſed, that the Heat of 

| wder, when fired in any conſiderable Quan, 
tity, is the ſame with Iron heated to the Extremity 
of a red Heat, or to the Beginning of à white 

Heat, (which Determination we ſhall hereaftes 
confirm by many Experiments) yet it cannot bg 
doubted, but that the Fire produced in the Explo- 
ſien is ſomewhat varied (like all other Fires) by a 
greater or leſs Quantity of Fuel; and it may be; 

ſumed, that, according to the Quantity of. Po- 
der fired, together, the Flame may have all the dif- 
ferent Degrees from that of a languid red Heat ta 
the Heat, ſufficient, for the Vitrification of Me- 
tals ; but as the Quantity of Powder requilite fog 
the Production of this laſt mentioned Heat, is cer- 
tainly greater than what is ever fired together for, 
any military Purpoſe, we ſhall find, by our future 
iments, that we ſhall not be far from our 

Scope, if we ſuppoſe the Heat of fuck Quantities 

82:11 | as 


| 8160 
4 come more y in Uſe to be, when fired, 
nearly the ſame with the ſtrongeſt Heat of red-hot 
Iron; allowing a gradual Augmentation to this 
Heat in larger Quantities, and c iminiſhing it when 
* — are very ſmall. 


PROP. VII. 


Given the Dimvenfuns of any Piece 22 ee. 
lery, the Denſity of its Ball, and : 
tity of its Charge, to determine the Ve 

; wobich the Ball will acquire from the {ow 4 | 


ppoſing the Elaſticity of the Powder 
— firſt Inſtant of its firing to be given, | 


N the Solution of this Problem, we ſhall aſſume 
the two following Principles: 


I. That the Action of the Powder on the Bullet 
ceaſes, as ſoon as the Bullet is got out of the Piece. 


II. That all the Powder of the Charge is fired, 
and converted into an elaſtic Fluid, before the Bul- 
let i is ſenſibly moved from its Place, 


Theſe Poſtulates we ſhall demonſtrate in an an- 
nexed Scbolium; and they being ſuppoſed, the Pro- 
poſition itſelt is thus determined: 

Let AB repreſent the Axis of any Piece of Artil- 
lery, A the Breech, and B the Muzzle ;'D C the Dia- 
meter of its Bore, and DEGC a Part of its Cavity 
filled with Powder. Suppoſe theBall,that is to be im- 
pelled, to lie with its hinder Surface at the Line GE, 
then the Preſſure exerted at the Exploſion, on the 
Circle of which G E is the Diameter, or, which. is 
the ſame thing, the Preſſure exerted in the Direc- 
tion F B, on the Surface of- the Ball, n 
1 » N 


| tn) 

from the known Dimenſions of vat Gieeſes, fray 
any Line F H perpendicular to F B, and A Far 
8 I 4 4 bd Ne pred en Ee 
totes AB, de ſeri 15 pe 

then if FH nts the Force 1 ing the Bal 
at the Point F, the Force impelling the Ball in 
any other Place as M will be re cored by the 


Line MN, the Ordinate to the NN | 


Point; for when the Fluid impe 
then to its original in the Space DEGC 
reciprocally as oy peg which it is reſpectiye- 


has dilated itſelf to M, its 


extended; chat is, as FA to M A, ot as MN to 

H; but we have ſhewn in the ſecond P f 
that the Elaſticity or im og Force of 19 Fly 
is directly as its ty; therefore, if F H re- 


that Force at the Point F, MN will repre- 


the like Force at the Point M. 


% a 
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Weight of "the Ball is likewiſe known ; the Pro- 
Portion between the Force, the Ball is impelled with, 
and Its: On Gravity is known. In this Proportion 
je H to FL, and draw LP parallel to FB; 
hen MN the Ordinate to the Hyperbola in any 
Point will be to its Part MR, cut off by the Line 
| I. Pi as the impelling Force of the Powder in that 
Point M, to the Gravity of the Ball; and conſe- 
yoettly, the Line LP will determine a Line pro- - 
iohal to the uniform Force of Gravity in eve- 
ry Point; whilſt the Hyperbola HN Q deter- 
mines in, like Manner ſuch Ordinates, as are 
Proper to the impelling Force of the Pow- 
er in every Point; whence, by the 39th Propoſi- 
tion of Lib. 1. of Sir Iſaac Newton's Phil. Nat. 
Prin. Math. the Areas FLPB and FHQB 
are in the —— Proportion of the Velocities, 
which the Ball would acquire, when acted on by its 
own Gravity — the Space FB, and when im- 
pelled through the ſame Space by the Force of the 
Powder. But ſince the Ratio of A F to AB, and the 
Ratio of F H to FL are known; the Ratio of the 
Area FLPB to the Area FH Q; is known; 
and thence its Subduplicate. And ſince the Line 
Fg is given in Magnitude, the Velocity, which a 
heavy Body would acquire when impelled thro? 
this Line by its own Gravity, is known, being no 
other than the Velocity it would acquire by falling 
thro' a Space equal to that Line; find then another 
Velocity, to which this laſt mentioned Velocity 
bears the given Ratio of the Subduplicate of the 
Area FLÞBy,to the Area FH Q, and this Ve- 
locity, thus found, is the Velocity the Ball will ac- 
quire when impelled thro” the Space FB by the 
Action of the inflamed Powder. | , 
Now to give an Example of this, let us ſuppoſe 
Ag the Length of the Cylinder to be 45Inches,' its 
Diameter DC, or rather the Diameter of the . 


/ 


a 
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bez of an Inch i and A F the Extent of the Pow? * 
der to be 2 Inches 3 to determine the Velodty 
which will de communicated to a leaden Buller b 
the Exploſion, ſuppoſing the Bullet laid at ficſt wirf 
its Surface contiguous to the Powder... 
By the Theory we have laid down in the laſt 
ener it appears, that at the firſt Inſtant o 
the oſion the Flame will exert, on the Bullet ye 
ing cloſe to it, a Force roo00 times greater than the 
Preſſure of the Atmoſphere; the Medium Preſſure 
of the Atmoſphere is eſteemed equal to that of 4 
Column of Water 33 Feet high; whence Lead be- 

ing to Water as 11,345 to 1; this Preſſure will be 

= to that of a Column of Lead 34,9 Inches in 

leight, whence multiply ing this by ooo, a Column 
of Lead 34900 Inches high would produce a Preſ- 
ſure equal to what is exerted on the Ball by the Pow - 
der in the firſt Inſtant of the Exploſion, and the leaden 

Ball being ⁊᷑ of an Inch in Diameter, and conſequently 

equal to a Cylinder of Lead on the ſame Baſe g an 

Inch in Height, the Preſſure at firſt acting on it will 
be equal to 349002 or 69800 times its Weight; 
whenee FL to F H isas 1 to 698500: And FB to FA 
is as 4825 (or 42 4) to 25; that is, as 339 to 21. 

whence the Rectangle FL PB is to the Rectangle 

AF s, as 339 to 21 x 69800; that is, as 1 to 43 
24—. And 1 — known 5 rr of the Lo- 

rithms to the Menſuration o yperbolic Spaces 

Etollows, that the Rectangle AF H S is to the Area 
FHQB as , 43429 Cc. is to the tabular Loga- 
rithm ot ; that is, of 15, which is 1,2340579, 
hence the Ratio of the Rectangle FL PB to the 
Hyperbolic Area FH QB is compounded of the 
Ratios of 1 to 4324 —, and of , 43429 Cc. to 
1,2340379, which together make up the Ratio of 
1 to 12263, the Subduplicate of which is the Ratio 
of 1 to 110,7 and in this Ratio is the Velocity, 

which the Bullet would acquire by Gravity, in fall- 


ing through a Space 1. FB, co * 


- — R 
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the Bullet will acquire from the Action of the Pow- 


der, impelling it through FB, but the Space: FB 


being 424 Inches, the Velocity a heavy Body will 


acquire in falling through ſuch a Space is known 


to be, what would carry it nearly at the Rate of 
15. 07 Feet in 17 bf Time; whence the Velocity, 
to which this has the Ratio of 1 to 1 10,7, is a Velocity, 
which would carry the Ball at the Rate of 15,07 X 
110,0 Feet in 17 of Time; that is, at the Rate of 
1668 Feer in 17 of Time. And this is the Velocity, 
which, according to the Theory, the Bullet in the 
preſent Circumſtances would acquire from the Action 
of the Powder, during the Time of its Dilatation. 
4 And this being Once: computed. for one Caſe 13 
eaſily applied to any other; for, it the Cavity DE 
GC left behind the Bullet be only in Part filled with 
Powder, then the Line H F, and conſequently the 
Area'FHQB will be diminiſhed in the P - 
tion of the whole Cavity to the Part filled; if the 
Diameter of the Bore be varied, the Lengths A B and 
AF remaining the ſame, then the Quantity of Pow- 


der and the Surface of the Bullet, which it acts on, 


will be varied in the duplicate Proportion of the 

Diameter; but the Weight of the Bullet will vary in 
the triplicate Proportion of the Diameter; wherefore 
the Line F H, which is directly as the abſolute impell- 
ing Force of the Powder, and reci ly asthe Gra- 
vity of the Bullet, will change in the reciprocal Propor. 
tion ofthe Diameter of theBuller. If AF the Height of 
the Cavity left behind the Bullet be increaſed or-dimi- 
niſhed, the Rectangle of the Hyperbola, and conſe- 
quently the Area correſponding to ordinates in any gi- 
ven Ratio, will be increaſed or diminiſhed. in the ſame 
Proportion. From all which it follows, that the A4. 
rea FH QB, which is in the duplicate * 
of the Velocity of the impelled Body, will be directly 


as the Logarithm (where AB repreſents the Length 


AF? 


of the Barrel, and AF the Lengh of the Cavity leſt 


behind the Bullet) alſo directly as the Part of chat 


Cavity 


(21) 
Cavity filled with Powder, and inverſely as tha Dias 
meter of the Bore or rather, of the Bullet, likewiſe 
directly as AF the Height of the Cavity left behind 
the Bullet. Conſequently . the Velocity being com · 
puted above for a Bullet of a determined Diameter 
placed in a Piece of a given Length and impelled by 
a given Quantity of Powder, occupying a given 
Cavity behind that Bullet, it follows, that hy means 
of theſe Ratios the Velocity of any other Bullet may 
be thence deduced, the neceſſary Circumſtances of ita 
Poſition, Quantity of Powder, Fc. being given. 
Where note, that in the Inſtance of this Propaſition 
we bave ſuppoſed the Diameter of the Ball to be} of 
an Inch; Whence the Diameter of the Bore will be 
ſomething more, and the Quantity of Powder con- 
tained in the Space DE GC will amount to evact- 
ly 12dw, a ſmall Wad of Tow includet. 


SCHOLIUM.. 


In this Propoſition we have taken for granted, 
1ſt. That the Action of the Powder on te Bullet 
ceaſes, as ſoon as the Bullet is got out of the Piece. 

24ly, That all the Powder of the Charge is fired, 
before the Bullet is ſenſibly moved from its Placa. 

Theſe Aſſumptions we are now to demon- 


The firſt will, I preſume, appear manifeſt, when 
it is conſidered, how ſuddenly the Flame will ex- 
tend itſelf on every ſide, by its own Elaſticity, 
when it is once got out of the Mouth of the Piece, 
for by this means its Force will then be di- 
ſipated, and the Bullet will be no longer ſenſibly 
alfeRted + "at 1 
The ſecond Principle is indeed leſs obvious, being 
contrary . to the general Opinion of almoſt all 
Writers on this Subject. But however it is not lets 
certain. It might perhaps be ſufficient for the 

998 | C 3 Proot. 
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Proof of this Poſition to obſerve the prodigious 
Compreſſion of the Flame in the Chamber of the 
Piece: Thoſe, who will attend to this Circumſtance and 
to the .caſy-Paſſage of the Flame through the Inter- 
vals of the Grains, may ſoon ſatisfy themſelves, that no 
one Grain contained in that Chamber can continue 
for any Time uninflamed, when thus furrounded and 
violently preſſed by ſo active a Fire. However, not 
to rely on mere Speculation in a Point of ſo much 
Conſequence, I conſidered, that, if Part only of the 
Powder is fired, and that ſucceſſively, then by lay- 
ing a greiter Weight before the Charge (ſuppoſe 
2 or 3 Bullets inſtead of one) a greater Quantity of 
Powder would neceſſarily be fired, ſince a heavier 
Weight would be a longer Time in paſſing through 
the Barrel. Whence it ſhould follow, that two or 
three Bullets would be impelled by a much greater 
Force than one only. But the contrary to this ap- 
by Experiment; for firing one, two, and three 
ullets laid contiguous to each other with the ſame 
Charge reſpectively, I have found (by a Method 
to be mentioned hereafter) that their Velocities were 
not much different from the Reciprocal of the Sub- 
duplicate of their Quantities of Matter, that is, 
if a given Charge would communicate to one Bul- 
let a Velocity of 1700 Feet in 1”, the ſame Charge 
would communicate to two Bullets a Velocity from 
11250 to 1300 Feet in 1*, and to three Bullets a 
Velocity from 1050 to 1110 Feet in one 1%, From 
hence it appears, that, whether the Piece be loaded 
with a greater or leſs Weight of Bullet, the Ac- 
tion of the Powder is nearly the ſame ; ſince all 
Mathematicians know, that if Bodies containing dif- 
ferent Quantities of Matter are ſucceſſively impelled 
thro' the ſame Space by the ſame Power, actin 
with a determined Force at each Point of that Space, 
then the Velocities given to thoſe different Bodies 
will be reciprocally in the ſubduplicate _ of 
* eir 
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their Quantities of Matter. The Exceſs of tlie Ve · 
Jocities of the two and three Bullets above what 
they ſhould have been by this Rule, (which are chat 
of 1200 and 980 Feet in 17) does doubtleſs! ariſe 
from the Flame, which eſcaping by the Side of the 
1 acts on the ' Surface of the ſecand and 
third. e. Sto £1113 YE 
Now this Exceſs has in many Experiments 
been imperceptible, and the Velocities have been 
reciprocally in the ſubduplicate Ratios of the Num- 
ber of Bullets to ſufficient Exactneſs; and here this 
Error has been greater, it has never ariſen to an eighth 
Part of the whole; but if the common Opinion Was 
true, that a ſmall Part only of the Powder fires at 
firſt, and other Parts of it ſucceſſively, as the Bullet 
ſſes through the Barrel, and that a conſiderable 
art of it is often blown.out of the Piece without fir- 
ing at all; then the Velocity, which threg. Bullets re- 
ceived from the Exploſion, ought to have been much 
greater, than we have ever found it to be; ſince the 
Time of the Paſſage of three Bullets thro the Bar- 
rel being nearly double the Time, in which one paf- 
ſes, it ſhould happen, according to this vulgar Sup- 
poſition, that in a double Time a much greater 
Quantity of the Powder ſhould be fired, and con- 
ſequently a greater Force ſnould have been produced, 
than what acted on the ſingle Bullet only, contrary 

to all our Experiments. n SURSPLLUECD 
But further, the Truth of the ſecond Poſtulate will 
be more fully evinced, when it ſhall appear, as it 
will hereafter, that the Rules founded on this Sum- 
ſition aſcertain the Velocities of Bullets impelled 
by Powder, to the ſame Exactneſs, when they are 
ated on through a Barrel of 4 Inches in Length 
only, as when they are diſcharged from ane of four 

Feet. | | | ; lit 
With Reſpect to the Grains of Powder, which 
are often blown out unfired, and which are always 
51⸗21 | C 4 urged 


— — — — — — — 


I believe Diego Ufano, 1—, great 


(24) 
urged as a Proof of the gradual fiting ä 


ener in the Art of Gunnery, has given the true — 
ſon for this Accident, which is, that ſome ſmall 
Part of the Charge is often not rammed. up with the 
reſt, but is left in the Piece before the Wad, and is 
by this Means expelled by the Blaſt of Air before 
the Fire can reach it“; Imuſt add, that in the Charging 
of Cannon and ſmall Arms, eſpecially aſter the firſt 
Time, this is ſcarcely to be avoided by any Method 
I have yet ſeen practiſed. Perhaps too, there may 
be ſome few Grains in the beſt Powder of fo be- 
terogeneoùs a Compoſitien as to be leſs ſuſ 

of firing, which I think I have myſelf obſerved 
theſe, tho' they are ſurrounded by the Flame, — 
be driven out unfired. However, be that as it 
mays the Truth of our Polition cannot in n 


ving in this Propoſition ſhewn how the v 

which any Bullet acquires from the Force of Po- 
der, may be computed upon the Principles of the 
Theory laid down in the preceeding Propoſitions of 


_ this ; Treatiſe, we will next ſhew, that the actual Ve- 


with which Bullets of different Magnitudes 
are impelled from different Pieces, with different 
Quantities of Powder, are really the ſame with the 
Velocities aſſigned by theſe Computations, and 
conſequently, that this Theory of the Force of Pow- 
der, here delivered, does unqueſtionably aſcertain 
the true Action and Modification of this enormous 
Ower. 
But in order to compare the Velocities commu- 
nicated to Bullets by the Exploſion with the Veloci- 
ties reſulting from che T by Computation, it 
is neceſſary, that the actual Velocities, with which 
Bullets move, ſhould be capable of being diſco- 
vered, which yet is impoſſible to be done by any 
Dialog. 20. 
Methods | 
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the Shot .chrough-a given Space, or by meaſuring 


8 ( 25) e 
Methods hijtherto made publick, The only 2 
have 


hitherto; practiſed by others for. that Pu 
. he Time of he Flghe of 


the Range of./the Shot at a given Elevation 3, and 
thence computing, on the Parabolic Hype 
what Velocy would produce this Range. The 
firſt Method tabpurs — this inſurmountable Dif- 
ficulty, that the Velocities of theſe Bodies are often 
ſo ſwiſt, and conſequently the Time obſerved is fo 
ſhort, that an rceptible Error in — —1 


| e the Velocity, 


4, 5 or: 5 Feet in a Naa other 
is Jo fallacious,..by reaſon of the Reſiſtance 
of the Air, (to-which Inequality the firſt is alſo-li- 
able) that the Velocities thus aſſigned may not be 
perk the tenah Part of the actual Velociies 
ou 

10 remedy the theſe Inconveniencies, I have 
invented a new Method of finding the real Veloci- 
ties of Bullets of all kinds ; and this to ſuch a De- 
gree of Exactneſs, (which may be augmented too 


at Pleaſure) that i in a Bullet moving with a Velociry 


of 1700 Feet in 17, the Error in the Eſtimation of 
it need never amount to its five huadredth Part; 
and this without any, extraordinary Nicety in the 
Conſtruction of. the Machine. The Deſcription and 
Uſe of which is and * of the next Propo- 
ſition. A 


PROP. am, 


To determine the V. elacity, which any Ball 
moves with at any Diftance * the Piece, 


# is diſcharged from. 


HE fmpleſt Method of eſſretig this is by 
Means of an Inſtrument like to that exhibited 
in the engraved Figure, where ABCD repreſents 


\ 
* 


(26) 
me Body of the Machine compoſed” of the three 
Poles B, C, D ſpreading at Bottom, and joining to- 
gether at the Top A; being the ſame with what is 
vulgarly uſed in the weighing and liſting of v 

heavy Bodies, and is called by Workmen the Tri- 
angles. On two of theſe Poles, towards their Tops, 
are ſcrewed on the Sockets RS; and on theſe 
Sockets the Pendulum EFG HI K is hung by 
Means of its croſs Piece E F, which becomes its 

Axis of Suſpenſion, and on which it muſt be «ct 
to vibrate with great Freedom. The Body of this 
Pendulum is made of Iron, having a broad Part 
at Bottom, which cannot be ſeen in this Scheme; 
but its entire Shape is repreſented in the annexed 


Figure A. 


= TR 


N 


1 


The lower Part of the Pendulum is covered with 
a thick Piece of Wood GK IH, which is faften'd 
to the Iron by Screws. Something lower than the 
Bottom of the Pendulum there is a Brace OP, 


joining 


6275 : 

joining the two Poles to Which the pendulum is 
ſuſpended'; and to this Brace there is faſten'd a Con- 
trance MN U, made with two Edges” of Steel, 
bearing on each other ih the Line UN, ſomethitg in 
che Manner of a Drawing: pen; the Strength with 
which theſe Edges preſs on each othet being dimi- 
niſhed or increaſed at Pleaſure, by Means of a 
Screw Z going through the up r Piece. There is 
faſter'd to the Bottom of the Pendulum a narrow 
Ribbon I. N, which paſſes between theſe Steel 3 — 
and which en 22 Means of an Opening 
cut in 1 lower Piece of ter], hangs looſely down, 
as at 

This Inſtrument thus fitted, if the Weight of 
the Pendulum be known, and likewiſe the reſpec- 
tive Diſtances of its Centre of Gravity, and of its 
Centre of Oſcillation, from its Axis of Suſpenſion, 
it will thence be known, what Motion will be com- 
municated to this Pendulum by the Percuſſion of a 
Body of a known Weight moving with a known 
Degree of Celerity, and ſtriking it in a given 
Point; that is, if the Pendulum be ſuppoſed at 
Reſt befote the Percuſſion, it will be known, what 
Vibration it ought to make in Conſequence of ſuch © 
a determined Blow; and, on the contrary, if the 
Pendulum, being at Reſt, is ſtruck by a Body of a 
known Weight, and the Vibration, which the Pen- 
dulum makes after theBlow, is known, the Veloci- 
ty of the ſtrikingBody may from thence bedetemined. 

Hence then, if a Bullet of a known Weight 
ſtrikes the Pendulum, and the Vibration, which the 
Pendulum makes in conſequence of the Stroke, be 
aſcertained, the Velocity, with which the Ball moved, 
is thence to be known. 

No the Extent of the Vibration, made by the 
Pendulum after the Blow, may be meaſured to great 
Accuracy by the Ribbon LN; for let the Preſſure 
of the Edges UN on the Ribbon be ſo regulated 

by 


(238) | 
between them may be free and caſy, tho' with ſome 
minute Reſiſtance ; then ſettling the Pendulum at 
Reſt, let the Part L M between the Pendulum and 
the Edges be drawn ſtrait, but not ſtrained, and fix 
a Pin in 1 of he Ons 1 is then con- 
tiguous to t ges: now a impinge on 
the Pendulum, then the Pendulum ſwinging back 
will draw out the Ribbon to the juſt Extent of its 
Vibration, which will conſequently be determined 
by the Interval on the Ribbon between the Edges 

N and the Place of the Pin, | | 
But the Computation, by which the Velocity of 
the Ball is determined from the Vibration of the 
Pendulum after the Stroke, requires a more 1 
cular Explication; and for this Purpole we will ex- 
hibit, as an Example, the Pendulum made uſe of 
by us in ſome of our Experiments. EG 
15 5 of the whole Pendulum, Wood and 
all, was 56 Ib. 3 oz. its Centre of Gravity was 52 
Inches diſtant from its Axis of Suſpenſion, and 
200 of its ſmall Swings were performed in the 
Time of 253 Seconds; whence its Centre of Oſcil- 
lation (determined from hence) is 62; Incheg diſ- 
tant from that Axis. The Centre of the Piece of 
eee is diſtant from the ſame Axis 66 

nches. 

In the compound Ratio of 66 to 62 ;, and 66 to 
52, take the Quantity of Matter of the Pendulum 
to a 4th Quantity, which will be 42 lb. I o:. No 
Geometers will know, that if the Blow. be ſtruck in 
the Centre of the Piece of Wood GKIH, the Pen- 
dulum will reſiſt to the Stroke in the ſame Manner, 
as if this laſt Quantity of Matter only (42 lb. z oz.) 
was concentrated in that Point, and the reſt of the 
Pendulum was taken away; whence, ſuppoſing the 
Weight of the Bullet impinging in that Point to be 


the % of « Pound, or the. nn 


(29) 
Matter nearly, the Velocity of the Point of Pereuſ- 
fion after the Stroke will, by the Laws obſerved in 
the Congrets of ſuch Bodies as rebound not from 
each other, be the =. of the Velocity the Buller 
moved with before the Stroke; whence the Veloci- 
8 ery FA the Stroke be- 
aſcerta at multi 505 will give 
the Velocity with which the Ball 2 od FW ar 
But the Velocity of the Point of after 
the Stroke is eaſily deduced from the Chord of the 
Arch, which it aſcends by the Blow; for 
it is a well known Propoſition, that all pendulous 
Bodies aſcend to the ſame Height by their v 
Motion, as would do, if they were proj 
directly upwards from their loweft Point, with the 
ſame Velocity they have in that Point ; wherefore, 
if the verſed Sine of the aſcending Arch be found, 
(which. is eaſily determined from the Chord and 
Radius being given) this verſed Sine is the per- 
pendicular Height, to which a Body projected up- 
wards with the Velocity of the Point of Percuſſion 
would arife ; and, con y, what that Velocity 
is, can be eaſily computed by the common Theory 
of falling Bodies. Th 7 | 
For'inſtance, the Chord of the Arch, deſcribed 
by the Aſcent of the Pendulum after the Stroke 
meaſured on che Ribbon, has been ſometimes 17 f 
Inches ; the Diſtance of the Ribbon from the Axis 
of Suſpenſion is 71 Inches, whence reducing 17 + 
in the Ratio of 713 to 66, the reſulting Number, 
which is nearly 16 Inches, will be the Chord of the 
Arch, through which the Centre of the Board GKIH 
aſcended after the Stroke: Now the verſed Sine of 
an Arch, whoſe Chord is 16 Inches, and its Radius 
66, is 1, 93939; and the Velocity, which would 
a Body to this Height, or, which is the fame 
thing, the Velocity, which a Body would acquire by 


(30). 

deſcending through this Space, is nearly that of 
$4 Feri. = yo: e nfl 11 

To determine then the Velocity, with which the 
Bullet impinged on the Centre of the Wood, when 
the Chord of the Arch deſeribed by the Aſcent of 
the Pendulum, in conſequence of the Blow, was 
17 4 Inches. meaſured; on the Ribbon, no more is 
neceſſary, than to multiply 3 z by 503, and the 
reſulting Number 1641 will be the Feet which the 
Bullet would deſcribe in 17, if it moved with the 
Velocity it had at the Moment of its Percuſſion; 
ſor the Velocity of the Point of the Pendulum, on 
which the Bullet ſtruck, we have juſt now deter- 
mined to be that ot 3 Feet in 1/3 and we have 
before ſnewn, that this is the , of the Velocity of 
the Bullet. If then a Bullet weighing 2 of a Pound 
ſtrikes the Pendulum in the Centre of the Wood 
.GKIH, and the Ribbon be drawn out 17 1 Inches 
by the Blow, the Velocity of the Bullet is that of 
1641 Feet in 11. And ſince the Length, the — | 
bon is drawn, is always nearly the Chord of the Arc 
deſcribed by the Aſcent, (it being placed ſo as to 
differ inſenſibly from theſe Chords which moſt fre- 
quently occur) and theſe Chords are known to be ig 
the Proportion of the Velocities of the Pendulum 
acquired from the Stroke, it follows, that the Pro- 
portion between the Lengths of Ribbon drawn 
dut at different times, will be the fame with that 
of the Velocities of the impinging Bullets; and, 
.conſequently, by.the Proportion of theſe Lengths 
of Ribbon to 17 4, the Proportion of the Velocity, 
with which the Bullets impinge to the known Velo- 
city of 1641 Feet in 17, will be determined. 
Hence then js ſhewn, in general, how the Veloci- 
ties of Bullets of all kinds may be found out by 
Means of this Inſtrument z but that thoſe, who may 
be diſpoſed to try theſe Experiments, may not have 
- unforeſeen Difficulties to ſtruggle with, ſhall here 
ſubjoin 


(91) 

ſubjoin a few Obſervations, which ic will be nectar 
for them to attend to, both to ſecure Suceeſs to wen 
Trials, and Safety to their Perſons. 

And firſt, that they may not conceive the Piece 
of Wood G KIH tobe an unneceflary Part of the 
Machine, I muſt inform them, that if a Bullet im- 
pelled by a full Charge of Powder ſhould ftrike 
directly on the Iron, the Bullet would be beaten in- 
to Shivers by the Stroke, and theſe Shivers will re- 
bound back with ſuch Violence, as to bury them- 
felves in any Wood they chance to light on, as [ 
have found by hazardous Experience ; and befides 
the Danger, the Pendulum will not in this fnſtance 
aſcertain the Velocity of the Bullet, becauſe the 
Velocity, with which the Parts of it rebound, is un- 
known, _ 

The Weight of the Pendulum, and the Thick- 
neſs of the Wood, muſt be in fome Meaſure pro- 
portioned to the ſize of the Bullets which are ufeg. 
A Pendulum of the Weight here deſcribed will do 

well for all Bullets under three or four Qunces, 
if the Thickneſs of the Board be increaſed to 7 or 8 
Inches for the heavieſt Bullets; Beech is the tougheſt 
and propereſt Wood for this Purpoſe. 

It is hazardous ſtanding on the” ſide of the Pen- 
dulum, unleſs the Board be ſo thick, that the 
greateſt Part of the Bullet's Force is Joſt betore it 
comes at the Iron, for if it ſtrikes the Iron with Vio- 
lence, the Shivers of Lead, which cannot return back 
thro! the Wood, will force themſelves out between 
the Wood and Iron, and will fly to a conſiderable 
Diſtance. 

As there is no effectual way of faſtening theWood 
to the Iron but by Screws, the Heads of which muſt 

come thro? the Board; the Bullets will ſometimes 
light on thoſe Screws, from whence the Shivers will 
diſperſe e on ay ſide, 


| When | 


| (32) 
* When in theſe Experiments ſo. ſmall a, Quantity 
of Powder is uſed, as will not give to the Bullet a 
Velocity of more than 4 or 500 Feet in 1, the Buller 
will not-ſtick in the Wood, but. will rebound from 
it entire, and (if the Wood be of a very hard Tex, 
ture) with a very conſiderable Velocity indeed. [ 
have never examined any of the Bullets, which have 
thus rebounded, but I have found them indented 
they Bodies they have ſtruck. againſt in their Re- 
To avoid then theſe Dangers, to the braving of 
which in Philoſophical Reſearches no Honour is an- 
- nexed, it will be convenient to fix wharſoeverBarrel is 
| uſed, on a ſtrong heavy Carriage, and to fire it with a 
little low Match. Let the Barrel too be very well 
fortified in all its Length; for no Barrel, (I ſpeak of 
Muſket Barrels) forged with the uſual Dimenſions 
will bear many of the Experiments recited here- 
after without burſting, as I have found to my Coſt, 
The Barrel, I have moſt relied on, and which 1 
to be made on Purpoſe, is nearly as thick 
at the Muzzel as at the Breech, that is, it hag 
in each Place nearly the Diameter of its Bore in 
Thickneſs of Metal. he 3 
The Powder uſed in theſe Experiments ſhould 
be exactly weigh' d, and that no Part of it be ſcatter - 
ed in the Barrel, the Piece muſt be charged with a 
Ladle in the ſame manner as is practiſedwithCannon, 
the Wad ſhould be of Tow of the ſame Weight each 
Time, and no more than is juſt neceſſary to confine 
the Powder in its proper Place, the Length of the 
Cavity left behind the Ball ſhould be determined 
each Time with Exactneſs, for the increaſing or di- 
miniſhing that Space will vary the Velocity of the 
Shot, altho' the Bullet and Quantity of Powder be 
not changed. The Diſtance of the Mouth of the 
Piece from the Pendulum ought to be ſuch, that the 
Impulſe of the Flame may not act on the Pendulum; 


this 
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"þ will be prevented in à common Barrel charged 
with q an Qunce af Powder, if it be at the Diſtanot of 
16 or r Charges the Inapulſe is ſen - 
Gbly farther off, I have faund it extend. to above u 
Feet; however, — 25 and 18 Feet is he 
tance I haye we — other Precautions, which 
oor gr will better find their Place in the Atv 
of the 1 cmEnrY My ag ub een 


I I nom tate, mel 


-— PROP. Ix. 5 
To compare the actual Velcities with which 
Bullets paler, kinds are diſcharge ed from 


" their re ve Pieces, with fat ehcities 
compute from the Theory. 0 


ow to determine the actual Velockics wich 
which Bullets are diſcharged, has been amply 
ſhewn in the laſt Propoſition; and how to compute 
the Velocity with which they would bediſcharged 
according to our Theory, has been likewiſe fully 
explained in the fixth 4 we ſhall here 
then compare the Reſult of our Theory with Ex- 
— and thence evince, how. accurately that 
ids, app with the real Motions of Bullets, 
tho? founded on Priciples no ways connected with 
theſe Experiments. 

The firſt Experiments, I ſhall extubit, were made 
with 2 Barrel of the ſame Dimenfions with the Ex- 
* the ſixth Propoſition, the Ball being + of 

nch in Diameter, the Length 45 Inches, and the 
Cavity containing the Prager 2 | Inches, 22 a3 
the Barrel exceeded the Buller in 222 | 
the Zth of an Inch, juſt contained 12 dw. of - Pow- 


The Bullet thus made uſe of was z of a Pound, 


r. in 8 conſequently the ſame 


(34) 4 
_ with the Example of the ſeventh Propoſition ; but the 

Board on the Pendulum uſed here was 4 Ib. lighter 
than what is aſſigned in that Example; from theſe Cir- 
cumſtances, and the Velocity which by the Theory the 
Bullet ought to be diſcharged with, there is known the 
Chord of the Arch meaſured on the Ribbon, thro* * 
which the Pendulum ſhould aſcend after the Stroke, 
it the Nheory be true: How near this agrees with our 
Experiments, will appear by the following Table: 


. | Arch mexfured a Weh] They: 
ei WHALE e 
21 © ts; { . by WL | 
wes) þ5 235"; 18,7 ] 19,0 | +,3 
. 18, 19, . 
$4 4 13,6 | 3,4 — * 


The next Experiments were made with the ſame 
Barrel, but the Board on the Pendulum was now of 
little more Weight than that in the Example of 
the ſeventh Propoſition. Ts 


| pgs Quan- | Chordofaſcend- | "The fame | Error of - 
Ile tity of | ing Arch mea - by Theory, Theory- 
y_ Powder, | fured on the 
272 | Ribben. 
ing the ; v | 
Powder | 
{ or Line | | 
AF, in 2 
Is. 1. | 
No. | Inches, | De. Inch. 
4 246-4... 11,9 
* Sg} 28] 6 12,2 
5 11 6 13, 2 | 
32112 16,7 
91 21 [12 | 17,5. 
10 21 | 12 16,9 | 
111 22 12 17,0 l. 
1 11,7 
13 28 6 49151 
142112 | 16,7 


(35) 
' The laſt five Numbers reſulting from the Theory 
are corrected from the Quantity of Bullets lodged 
in the Board, which, as many other Experiments of 
a different kind were tried in the Interval; amounted 
at laſt to above two Pounds; whence the Weight 
of the Pendulum being increaſed, its Vibration with 


the ſame Blow muſt be proportionably diminiſhed; © 
The next Experiments were made with a Barrel 


. 


of the ſame Bore with the laſt, but only 12, 375 
Inches in Length: To diſtinguiſh them, we ſhall 
for the future denominate the firſt Barrel by the 
Letter A, and this ſhort one by C, TheBoard on 
the Pendulum was at firſt rather lighter than in the 
Example of the ſeventh Propoſition. | 
d The fame ] 


z; FP - | Chord of af- Error of 
| A | OS of E by Theory, | Theory, 
Wh Cavity { Powder, | meaſured on 7 
WE» WH wc: | 
nord 9 5 1 
No. | Barrel | loch. Dw. ag Inch, 
ict ©] 07 7 ig'f 18,7 LIE” Sy 
16 C4 25 12 12, 6 12,8 -, 2 
17]:C 24 | 12 |, 12,4 12,8 | + 4 
18 AJ 24 12 rene 
19 A2 121,2 172 50 
20 Al 21 a: 17,2 | ＋ 1 
rn ene 
22] A 21 6] 12,4 |. 14,2 | —,2 


In ſome of the following Experiments a- third 
Barrel was uſed of the fame Bore with the other 
two, but 24.312 Inches in Length: This Barrel I 
denominate B; the Board fixed on the Pendulum 
was at firſt but little heavief than that in the ſeventh 
Propoſition ; and when in the Courſe of the Experi- 
ments it is ſenſibly increaſed in the Weight, I dimi- 
niſh the Numbers ariſing from the Theory by a 
correſponding Part. % mais: „U 

D 2 No. 


(16 . 
r Gun of af- | The fame | 
OBESE nd bing 
. Ba | — 4 : 1 — 
ing the 
100 Powder. 
No. * Inch, | d Inch. Inch. 
23 A | 24 | 12 | I7, 1 17,2 [T. 1 
244 A ö 24 9 155 2 15,0 268 1 2 
25 A 21 9 15,5 4 [15,0 2, 4 
27 C 211211, | 12,8 |+1,3 
28 C 22% | 6 8,7 9, 4.3 
29 C21 | 12 12,3 | 12,5. | +, 2 
30 B 23 12 | | 14,4 | 14,4 0,0 
Sl © | 85 | 12 14, 4 | 14,4 0,0 
32 3 [2 6 10, 3 | 10,5 0 
33] A | 13 jv] 1447 | 145 . 2 
341 Al 4 | 12 | 15,7 | 15,3 |=, 4 


The Error in the 26th and 29th Experiments 
being much greater than what has occurred to me 
in any other Trials, I ſuſpect, that ſome Miſtake 
was made in the Weight of the Powder, or that 
the Barrel (which had indeed lain by in a moiſt 
* was very damp; which Circumſtance, I 

now by Experience, will conſiderably dimini 
the Action of the Powder. 

The following Experiments were made with a 
Pendulum much heavier, it weighing in the whole 
97 lb. its Center of Gravity was 55,625 Inches 
diſtant from its Axis of Suſpenſion, and 200 of its 
ſmall Swings were performed in the Space of 255" ! 
whence its Center of Oſcillation is 63,9 Inches dit. 
tant from the Axis of Suſpenſion, Alſo ſometimes 
another Barrel was uſed 5,06 Inches in Length, and 
„83 in Diameter, its Ball was exactly fitted to the 
' Bore without any Windage, ſo that it went in with 
Difficulty, the Weight of this Ball was 33 * dw, 
This Barrel we ſhall denominate D 2 1 
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The Error in the goth Experiment, the greateſt 
in this Set, was doubtleſs owing to the Wind; for 
the 49, which was made immediately before it in the 
ſame Manner, and with the ſame Quantity of Pow- 
der, differs but little trom the Theory. The Ex- 
ceſs of the 38th Experiment above the Theory 
was in Part occaſioned by the Impulſe of the Flame 
on the Pendulum, which in this large Quantity of 
Powder was plainly to be diſcerned. r 
This Theory is farther confirmed too, by Experi- 
ments made on the Action of very ſmall Quantities 
of Powder. We have hitherto ſuppoſed the Powder 
when fired to be equally hot with = at the begin- 
ing of its white Heat, but we have obſerved, that in 
very ſmall Quantities of Powder the Heat is proba- 
bly leſs than this, and conſequently the Elaſticity . 
in thoſe Caſes leſs than what ariſes from this Sup- 
poſition, Now this Deereaſe of Elaſticity in ſmall 
Quantities of Powder we have found by many 
Trials actually to take place; for Inſtance, in 
the Example of the 7th Propoſition, the Velocity, 
which, ſhould be given to the Ball by the Action 
of the Powder according to the Theory, is in round 
Numbers that of 1670 Feet in 1, and this Velocity we 
have found inthe preceeding Experiments to be the me- 
dium Velocity, which the Ball really receives in 7 
Circumſtances, If now, the Barrel and Poſition of 
Ball remaining the ſame, there be 5 in the ſame 
Space DEG C continuing likewiſe the ſame 1dw. of 
Powder inſtead of 12, which is the Quantity ſuppo- 
ſed in thatExample, it follows from the Principles 
there laid down, that if the Elaſticity of the ſmaller 
Charge be the ſame in Proportion to its Quantity 
with that of the larger, then the Velocity of the 
Bullet when impelled by. the Exploſion of the 
ſmaller Charge, will be to the Velocity of a Bul- 
let impelled by the greater Charge in the ſubdu- 
plicate Ratio of the Quantities of the reſpective 
Charges, 
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0 — chat is, in the ſubduplicate Ratio of 1 to 
ſequently the Velocity communicated by x2 
dw. being known to be that of 1670 Feet in 1, the 

Velocity communicated by 1 dw. would be that of 

4382 Feet in 17/ nearly; but J found by repeated 
Trials, which differed very little from each other, 
that the real Velocity acquired! by the Ball in this 
Caſe, from the Exploſion of 1 dw. was rather leſs 
thanthat of 400 Feet in; — it is evident, that 
the Elaſticity of 1 dw. of Powder when fired is 
leſs in Proportion to its Quantity than that ar it 
dw. as it ought to be by our Theory.” - 

L Likewiſe if 3 dw. of Powder E490 in the aue 
Manner with the 1 dw. in the laſt Ex ple, the real 
Velocity, the Ball will acquire from the Exploſion, 

will be from 740 to 720 Feet in 1”, as I have found 
by many Experiments ; whereas ſuppoſing the Elaf 
ticity of 3 dw. when fired to be in ſimilar Cir- 
cumſtances the ſame with that of 12 dw. the Velo- 
city acquired by the Ball ſhould be 833 Feet in 
17; whence, even in 3 dw. the Elaſticity and'conſes 
quently the Heat is leſs than in 12 _ as it ought 
to be by the Theory. — 791 

The Ratios of theſe diminiſhed Elaticities to 
the Elaſticity eſtabliſhed by us for larger Quahti- 
ties, are the Duplicate of the Ratios of the reſpective 
Velocities communicated by them in acting thro? the 
ſame Space, whence the Elaſticity of t dw. is te 
the Elaſticity of 12 dw. in ſimilar Circumſtances 
as 2 to 3. and the Elaſticity of 3 dw. to that of 
12 dw. is as 3 to 4 nearly, ſuppoſing the ſmaller 
Elaſticities to be uniformly diminiſhed in each 
Part of their Expanſion; but in all Probability this is not 
the Caſe, for as the Decreaſe of Elaſticity is owing 
to a Deficiency in the Heat of the Fluid, it is moſt 
reaſonable to conceive, that in theſe ſmall Quantities 
the Heat is not only leſs at firſt, but is likewiſe per- 


petually decreaſing, as the Bullet is impelled thro” 
D 4 the 
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; Thus then have we confirmed our Theory by the ; 
moſt- indiſputable Evidence, which is its Coincidence 
with a numerous Series of Experiments made in all the 
various Circumſtances, that the Nature of the Subject 
could ſuggeſt; and I muſt add, that theſe Experiments 
or the greateſt Part of them were made and regiſter'd 
before any of the Computations, by which they are 
compared with the Theory, were formed; altho* I had 
aſcertained that Theory, ſuch as it is here delivered, 
ſome time before I enter'd on theſe Experiments, 
The Variety of theſe Experiments, and the Ac- 
euracy with which they correſpond to the Theory, 
leave us no room to doubt of the Certainty of the 
Theory; for we have examined the Action of fired 
Powder on Bullets of different Weights and in Barrels 
of different Magnitudes from Inches to 45 Inches 
in Length; we have varied too the Quantity of Pow- 
der from 6 dw. to 36 dw. and have incloſed theſe Quan- 
tities differently, ſometimes in ſuch Cavities as they 
exactly filled, at other times in ſuch as were ſufficient 
to have held much greater Quantities; and we have 
ſound, that in all theſe different Circumſtances, our 
Theory has truly exhibited the real Velocities with 
which d the Bullets were impel led by the Exploſion, or if 
(as in very ſmall Quantities of Powder) there were 
any Exceptions from the general Rule we hadeſtabliſh- 
ed, it was, what theTheory did plainly demand; and 
ſurely that Theory, which ſo accurately agrees withEx- 
n theſe diverſiſied 82 — „ 
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che true and genuine Determination of the 
and Manner of acting of fired Gunpowder.: ' 
This Theory as here eftabliſhed ſuppoſes, that in 
the firing of Gunpowder about Z of its Subſtance is con. 
verted by the ſudden Inflammation into a permanent e- 
laſtic Fluid, whoſe Elafticity in Proportion to its Heat 
and Denſity is the fame with that of common Air 
in the like Circumſtances ; it farther ſuppoſes, that 
all the Force exerted by Gunpowder in its moſt vio- 
lent Operations is no more than the Action of the 
Elaſticity of the Fluid thus generated; and theſe 
Principles enable us, as we have ſeen, to determine 
the Velocities of Bullets impelled from Fire-Arms 
of all kinds, and are fully ſufficient for all Purpoſes, 
where the Force of Gunpowder is to be eſtimated. 
Whether this Fluid be true and genuine Air, or an- 
other Subſtance, we ſhall not diſcuſs in chis Place, 
as it is an Inquiry no Ways connected with the De- 
ſign of this Treatiſe,” | | TT | 
From this Theory many Deductions may be 
made of the greateſt Confequence to the Practical 
Part of Gunnery, From hence the Thickneſs of a 
Piece, which will enable it to confine without Burſ- 
ting any given Charge of Powder, is eaſily determin- 
ed, fince the Effort of the Poder is known. From 
hence appears the Inconcluſiveneſs of what ſome mo- 
dern Authors have advanced relating to the Advanta- 
ges of particular Forms for the Chambers of Mor- 
tars and Cannon; for all their labour'd Speculations 
on this Head are evidently founded on very erro- 
neous Opinions about the Action of fired Powder. 
From this Theory too we are taught 'the Neceſſity 
of Jeaving the ſame Space behind the 'Bullet, when 


Forte 


we would by the ſame Quantity of Powder com- 
municate the ſame Velocity to the Bullet; ſince on 
our Principles it follows, that the fame Powder has 
a greater or leſs Degree of Elaſticity, according to 
the different Spaces it occupies. The Method, 
| which 
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which I have always practiſed for this Purpoſe; has 
been by marking the Rammer, and this is a Maxim, 

- which ought not to be diſpenſed with, when Cannon 
are fired at an Elevation, particularly in! thoſe 
called by the French Batteries d Ricochet. 5 
From the continued Action of the Powder, and 
its Manner of expanding deſeribed in this Theory, and 
the Length of the Piece, one of the moſt eſſential 
Circumſtances in the well directing of Artillery may 
be eaſily aſcertained. All Practitioners are agreed, 
that no Shot can be depended on, unleſs the Piece be 
placed on a ſolid Platform; for if the Platform 
ſhakes with the firſt Impulſe of the Powder, it is 
impoſſible, but the Piece muſt likewiſe ſhake, which 
will alter its Dire&ion and render its Shot uncertain, 
To prevent this Accident, the Platform is uſually 
made extremely firm to a conſiderable Depth back- 
wards, ſo that the Piece is not only well ſu 
in the Beginning of its Motion, but likewiſe thro* a 
great Part bf its Recoil. However, it is ſufficient- 
ly obvious, that when the Bullet is ſeparated from 
the Piece, it can be no longer affected by the trem- 
'bling of the Piece or Platform; and by a very eaſy 
Computation it will be found, that in a Piece 10 
Feet in length, carryinga Bullet of 24 lb. and charged 
with 16 lb. of Powder, the Bullet will be out of the 
Piece before the Piece has recoil'd & an Inch; whence, 
if the Platform be ſufficiently ſolid at the Beginning 
of the Recoil, the remaining Part of it may be much 
Alighter, ſince its Unſteadineſs beyond the firſt z Inch 
will have no Influence on the Direction of the Shot. 
And hence a more compendious Method of con- 

ſtructing Platforms may be found out. | 
From this Theory it alſo -appears, how greatly 
thoſe Authors have been miſtaken, who have attribut- 
ed the Force of Gunpowder, or at leaſt a conſiderable 
Part of it, to the Action of the Air, contained ei- 
ther in the Powder or between the . of the 
rains: 
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Grains. For they have ſuppoſed (tho? indiſtinctly 
enough) that Air to exiſt in its natural elaſtic State, | 
and to receive all its Addition of Force from the 
Heat of the Exploſion, But, from what we have 
experimented in the fifth Propoſition, relating to the 
Increaſe of the Elaſticicy of the Air by Heat, we 
may conclude, that the Heat of the Exploſion cannot 
augment the Elaſticity of the Air to five times 
its common Quantity; conſequently, the Force a- 
riſing from this Cauſe only cannot amount to more 
than the 20th Part of the real Force exerted on this 
Occaſion. Maur | Ger, 
_ Having thus diſpatched the general Confirmation 
of our Theory, we ſhall proceed to the Examination 
of ſome other Particulars: relating to this Subject, 
which tho? eaſily enough flowing from the Principles 
already laid down, do yet from the Novelty and 
Singularity of the Matter merit a circumſtantial 
Diſcuſſion, -- 


PROP. X. 


To affign the Changes in the Force of Powder, 
which ariſe from the different. State of the 
Atmoſphere. =12 PARA 


T: all the Experiments I have hitherto examin- 


ed, I have never heen able to diſcover, that the 
ariation of the Denſity of the Atmoſphere did any 
way alter the Action of Powder, altho* I have made 
ſeveral hundred Shot in very different Seaſons: In 
particular, I have ſometimes compared the Trials 
made at Noon in the hotteſt Summer Sun with: thoſe 
made in the Freſhneſs of the Morning and Evening, 
and I could not perceive any certain Difference be- 
tween them, and it was the ſame with the Trials 
made in the Night and in Winter; altho' in this 
variety of Seaſons, the Denſity of the 2 — 
mu 
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muſt have been very different : Indeed, as we have 
ſeen, that the ſame Quantity of that Fluid, in which 
the Force of Powder conſiſts, is generated in a vacuum, 
and in common Air, it is difficult to conceive, how. 
this Force can be affected by the greater or leſſer 
Denſity of the Atmoſphere,  _ | 

But tho? the Denſity of the Atmoſphere has no 
Influence on the Force of Powder, yet its Moiſ- 
ture has a great one; for the ſame Quantity of Pow- 
der, which in a dry ſeaſon would communicate to 
a Bullet a Velocity of 1700 Feet in 1, will not in 
damp Weather communicate to the ſame Bullet, 
placed in the ſame manner, a Velocity of more 
perhaps than 12 or 1300 Feet in 17, or ſtill leſs, ſif 
the Powder be of a bad Sort, and has been negli- 
gently kept. And this' Decreaſe of the Force in 
damp Powder appears by my Experiments to be 
very unſteady and variable, ſo that 2 Shot made with 
equal Quantities of ſuch Powder, taken out of the 
fame Parcel, will differ conſiderably from each other, 
perhaps ten times more than if the Powder was 
in good Order; and as far as this Uncertainty in its 
Effects will permit me, I ſeem to collect, that a imall 
Charge loſes a greater Part of its Force than a 
larger, provided each are equally damp. Another 
Circumſtance attending damp Powder is a re- 
markable Foulneſs in the Piece after firing, much be- 
yond what ariſes from an equal Quantity of dry 
Powder. * N | | 5 
No all theſe Effects are eaſily to be accounted 
for, when it is known, that Powder will imbibe Moiſ- 
ture from the Air; for as a certain Quantity of 
Water mixed with Powder will prevent its firing 
at all, it follows, that every Degree of - Moiſture in 
Powder, tho? inſufficient to produce this Effect, 
will yet abate the Violence of its Exploſion, and 
will render the Fire thereby produced leſs vehement 
than it would otherwiſe be; whence a leſs — 
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of Fluid will be in this Caſe generated, and the 
of that Fluid and its Elaſticity is likewiſe teſs ; as 
y, the Action of dampPFowder wuſt on this to- 
told Account be diminiſhed accordiog to * un 
of Moiſture, with which it is e | 

And ay bad Powder uſually contains ſorde 
mon Salt in it, by reaſon. of 8 K Cr = 
in the refining of the Nitre, and as common. Salt 
bibes Moiſture in a ſtronger Degree than, Nitn 
not difficult to conceive, haw bad ef 
in a moiſt Seaſon be more impregna Se 
ture than good, and thould wee | 
of its Force. 

The Pe in che Effects of Sap Powder 
ariſes, I preſume, from the different Degrees of 
Dryneſs it acquires in the Piece ; for as after the 
firſt or ſecond firing the Barrel grows warm, if the 
Powder is contained any Time in it, ſome Part of 
its Moiſture will be thereby evaporated, ' and as 
the Heat of the Barrel, and the Time of the Charge 
continuing in it, are Circumſtances, which in their 
Nature are uncertain, it is not to be wonder'd at, 
that the Evaporation, and conſequently the Action of 
the Powder, is likewiſe uncertain. I muſt remark on 
this Head, that, inthe drieſt Seaſons, I have found the 
Coldneſs of the Barrel, and perhaps ſome little Moiſ- 
ure condenſed in its Cavity, to have ſenſibly diminiſhed 
the Force of the Powder in the firſt Shot. 

That ſmall Quantities of Powder ſhould have 
their Action more diminiſhed than larger Quantities 
with the ſame Degree of Moiſture, naturally follows 
from the ſmaller Degree of Heat, with which (as 
we have obſerved above) the Exploſion of ſmall 
Charges is attended; ſince the ſame Proportion of 
Moiftare muſt of neceſſity clog a weak Fire more 
effectually, than it can do one which is more violent. 

The remarkable Foulneſs of the Piece from the 

firing of damp Powder, which we have mentioned 

above, muſt likewiſe ariſe from the Diminution - 
the 
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the Activity of the Fire in the Exploſion. For, when 
Powder is of a properTemperature to fire readily and 
violently, the greateſt Part of its Subftance ought to 
be conſumed to Aſhes, which will then be diſcernable 
in the Form of a greyiſh Subſtance on all Bodies pla- 
eed near the Mouth of the Piece ; and the Foulnefs of 
the Piece is owing to thoſe Parts of the Powder, which 
either by their Contiguity to the cold Barrel, or their - 
leſs inflammable Compoſition, are but imperfectly 
burnt z, now ſince moiſt Powder produces a Fes vio- 
lent Flame in Proportion to the Moiſture it im- 
bibed, it muſt follow, that a ſmaller Part of the Pow- 
der will in this Caſe be perfectly conſumed, and con- 
ſequently a greater Part will remain to contribute 
to the Foulneſs of the Barrel. 1 574 4 
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We have aſſerted as the Baſis of our Reaſoning 
in this Propoſition, that Powder will imbibe Moiſt- 
ure from the Air ina humid State of the Atmoſphere; 
but it remains to aſſign the Quantity it can thus 
imbibe, which we ſhall here endeavour to do from 
our own Experiments. | {rat | 
A Parcel of very good Powder being placed 
on a white Paper, which was pierced with a great 
Number of fine Holes, and the Paper being held 
over the Steam of hot Water, I found, that in half 
a Minute the Powder was increaſed in Weight by 
about = Part, dial; 

Trying another Parcel in the ſame Manner, but 
continuing it longer in the Steam, I found, that the 
Powder increaſed its Weight by = Part; but in this 
Caſe ſome of the Grains adhered together in ſmall 
Lumps, altho* the Figure of the Grains themſelves 
was no ways Changed. | 

To convince myſelf that the Moiſture of the 
Atmoſphere would likewiſe increaſe the Weight of 


Powder, I took about an Ounce of Powder, which 
| ha 
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had for ſome time been kept in a Room which 
had a Fire in it every Day, and J found by drying 
it before the Fire, that it loft above ; of its Weight; 
one third of which Decreaſe in Weight it had again 
acquired in leſs than two Hours, by being removed 
„ e Room, at a Diſtance from 
Now as the Weather is often much moiſter, than 
when I tried this Experiment, and as in open Air 
this Moiſture abounds much more than in a Room, 
where there is a Fire; it cannot bedoubted, bar 
that- ſometimes the twentieth or thirtieth Part of 
the ——_— of the — Powder is W _ which 
may be eaſily ſuppoſed to produce all the Effects. 
we have ob 2E. deſcribed in this Propoi 

ion. | 
But however, the Moiſture thus imbibed by Pow- 
der from the Air does not, as I have yet obſerved, 
render it leſs active, when it is dried again, The 

Reader muſt have obſerved in the Experiments of 
the laſt Propoſition, how nearly thoſe made with the 
ſame Quantities of Powder and in the ſame Circum- 
ſtances agree with each other. In theſe Ina 
tho? made at different Times in the Courſe of three 
Summer Months, the Dryneſs of the Seaſonprevented 
all the Inequalities of this Propoſition. But trying the 
ſame Powder in the W inter, in a very damp Seaſon, I 
found, that tho? if it was uſed as in the Summer, in its 
natural State, without any drying, its Effects were 
very irregular, and much ſhort of thoſe Experi- 
ments, yet if each Charge was well dried, juſt be- 
fore it was uſed, no Diminution of its Force could 
then be perceived, nor did it appear to act in any 
manner different from what it had done in the pre- 
ceeding Summer. Indeed it the Powder be expoſ- 
ed to the greateſt Damps without any Caution, or 
if common Salt abounds in it, the Moiſture, it im- 
bibes, may perhaps be ſufficient to diſſolve ſome Part of 
| the 
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de Nitre, which is a laſting Damage, that no Dry- 
ing can retrieve. But when tolerable Care is taken 
in preſerving Powder, and the Nitre, it is compoſed 
of, has been well purged from comman Salt, it will 
retain its Farce much than is uſually: ſup- 
{I have heard, that Powder, which had been 
well kept, did not at the End of fifty Yearg appear 
to be any ways injured by its Age... 
Some Cate is neceſſary in the drying of dawp 
Powder 2 for there is a Degree of Heat, which tho? not 
ſufficient to fire the Powder, will yet melt the Brim- 
ſtone, and; deſtroy the Texture of the Grains. Nay 
more, there is a Heat, with which the Brimftone 
will flame and burn away: gradually, and yet the 
Powder will not explode; of this any one may 
ſatisfy himſelf by heating a Piece of Iron red-hot, 
and then throwing a few Grains of Powder on it 
at different Intervals, during the Time of its cool- 
ing, for by this Means he will find, that at à certain 
Time the ſeparate Grains, that fall on the Iran, will 
not explode, but will burn with a fmall blue Flame 
for ſome Space of Time, the Grain ſtill remaini 
unconſumed. Indeed, when it has begun to burn in th 
Manner, it ſometimes ends with exploding, but this 
more commonly happens, when a Number of Grains 
lie near together; for then tho? each ſeparate Flame 
is not ſufficient to explode its reſpective Grain, yet 
the whole Fire made by them all together grows 
ſtrong enough at laſt to end in a general Exploſion; 
however, by attending to the proper Temperature of 
the Iron, and ſpreadingthe Grains, I have often covered 
two or three ſquare Inches with a blue lambent 
Flame, which has laſted a conſiderable Time with- 
out any Exploſion, and examining the Grains aſter- 
wards, I could not perceive, that they had loſt either 
their Colour or their Shape, Now fince theſe 
Grains, when the Brimſtone is thus burnt or even 
melted out of them, will no longer act as Powder, 
it 
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it is eyident, that Powder may be ſpoiled-by-beiag 


ried with tao violent a Heat, 

From the great Difference in the Effects a 

moiſt and vx Powder eſlabliſhed in this Frapalicas, 
it's ppears, how very , uncertain. and irregular all 
thols practical Operations of Gunnery may prove, 
where this Circur gpanch, if 0 TIS to; and 
how little Confidence laced in any Ex- 


* where this Caule. of. 1 juality could in- 


Before: I leave this Article, I muſt mention a 
Suſpicion, I once entertained about this Matter. As 
Water, hen rarified intaVapaur, is generally — 
ſed to be near ten times more elaſtic than Air ly 
heated, I imagined, that poſſibly the Moiſture 1 
bibed 'by- Powder might, - in certain Caſes, be 45 
eee to the Quantity of Powder, that 
might be converted into Vapour by the Exploſion; 
and that thereby the Force of the Powder thighe be 
More increaſed by the Addition of this very elaſtic 
Vapour, than is was diminiſhed by the dam ping of 
its Flame, Abd 1; was the more induced to be. 
lieye, that this did ſometimes- happen, from the Ex- 

riments of à late Author, who tells us, that the 

Pha mane Pet: eg) rom the ſame Mor. 

tar, wich equal Charges of onder, were mugh 
fo the Freſhneſs of: the Moraing, than -in 
Heat of the Day. For I was well ſatisfied, that, 
mer Denſity of the Air (o which he ſeems tg 
DE ariety) could not produce ſuch/diffe- 
rent However, upon à more accurate Ex- 
amination, I cannat find, that any Degree of Moi- 
ind a at any 8 augment en ny of Po- 
a numerous Tr ye made 

FE bed that Force ſenſibly to exceed its 


| ty, except in two Experiments : and 
Te F. og 


were occaſioned by ſome 


s Reaſon to believe, 
Wer in tha Machine. 


How- 


| 
| 
| 
3 
| 


1 
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| However, if the Elaſticity of watry Vapour be as 
great as it is uſually eſteemed, (a Point far from 


deing aſcertained at preſent) it is not impoſſible, 
but ſomething of this kind An take Place in the 
er of large Quantities of Powder, 11 


PROP. XI. 


Ti 3 the V. eloci which the Flame of 


der acquires, by expanding itſe if fup- 
Poling it be fired in agi iven Piece . 
— tither a Bullet or any other Body be 


75 — it. ( 


IF the whole Subſtance of the Powder was con- 
Lie. into an elaſtic Fluid at the Inſtant of the 
loſion, then from the Known Elaſticity of this 
Fluid aſſigned by our Theory, and its known Denſity, 
we could eaſily determine the Velocity, with which = 
it would begin to expand, and could thence trace 
out its future Augmentations in its Progreſs through 
the Barrel; but as we have ſhewn, that the elaſtic 
Fluid, -in, which the Activity of che Gunpowder 
conliſts, is only 2 Z of the Subſtance of the Powder, 
the remaining 2 will in the Exploſion be mixed with 
the elaſtic Part, and will by its Weight 'retard the 
Activity of the Exploſion; and yet they will not 
be ſo compleatly united as to move with one com- 
mon Motion, but the unelaſtic Part will be leſs ac- 
celerated than the reft, and ſome of it will not even 
be carried out of the Barrel, as 3 by the con- 
fiderable Quantity of unctuous Matter, which ad- 
heres to the Inſide of all Fire-Arms, after they have 
r 
The ities in the expanſive Motion | 
Flame oblige us to recur to RT for its 


The 


Cs) of 

© The Experiments made - uſe of for this Purpoſe 
| were of two kinds: The firſt was made by charge- 
ing the Barret A with 12 dw. of Powder, and a 
ſmall Wad of Tow only; and then placing its 
Mouth 19 Inches from the Centre of the Pendu- 
lum, mentioned in the ſeventh Propoſition 5 on 
firing it in this Situation, the Impulſe of the Flame 
on the Pendulum made it aſcend through an Arch, 
whoſe Chord was 13, 7 Inches; whence, if the 
whole Subſtance of the Powder was ſuppoſed to 
ſtrike againſt the Pendulum, and each Part to ſtrike 
with the ſame Velocity, that common Velocity 
mult have been at the Rate of about 2650 Feet in 
17. This then is the leaſt Velocity, which the Pow- 
der could be ſuppoſed to acquire in its Expanſion g 
for if we ſuppoſe the elaſtic Part to acquire a greater 
Velocity in expanding, than the other groſs 9 2 
(which it undoubtedly does) this common Velocity 
here aſſigned muſt be augmented” for the Elaſtic 
Fluid, and diminiſhed for the grofſer Subſtance of 
the Powder. As ſome Part of the Velocity of the 
Flame was loſt in paſſing through 19 Inches of Air, 
I made the remaining iments on this Subject 
in a manner not liable to chat Inconvenience. - 

I fixed che Barrel A on the Pendulum, ſo that its 
Axis might be both horizontal and alſo perpendi- 
cular to the Plane HK; or, which is the fame 
thing, that it might be in the Plane of the Pendu- 
lum's Vibration; the Height of the Axis of the 
Piece above the Centre of the Pendulum was fix 
Inches, and the Weight of the Piece and of the 
Iron that faſten'd it, Sc. was 11 Ib. 3. The Bar- 
rel in this Situation being charged with 12 dw. of 
Powder, without either Ball or Wad, the Powder 
only put together with the Rammer, on the Diſ- 

the Pendulum aſcended through an Arch, 


whoſe Chord was 10 Inches, or reduced to an equi- 
valent Blow in the Centre of the Pendulum, ſup- 


E 2 poſing 


(15%) 4 
pang ts Barrel away, it would be 14, 4 Inches 


flme Experiment repeated again the Chor 
of the aſcending Arch was 10, 1 Inches, which, x0 


4 L to the Centre, is 14, 6 Inches, 


determine What Difference of Velocity 
ters was in the different Parts of the Vapour, 
oaded the Piece again with 12 dw. of Powder, and 
Tammed it down with a Wad of Tow weighing 
1. 1 I conceived, that this Wad being ve 
icht would preſently acquire that Velocity, wi 
Which the elaſtic Part of the Fluid. would expand 
; "oe If yhen uncompreſſed; and I accordingly f 
that the Chord of the aſcending Arch was by this 
Means augmented to 12 Inches, or at the Centre to 
1. 2885 Whence, as, the Medium of the other two 
ar is 8 1495 the Pendulum aſcended thro 
75 \rch 2 longer, by the K Mo- 
tion of .1 4: of Matter 2 with, the e Velocity 
of che ſwifteſt Part of the Vieh i. and conſe- 
ently, the Velocity, with which this 1 dw. of 
end moved, was at of about 000 Feet in Ly 
It will perhaps be objected to this Determination, 
that the Augmentation of the Arch, through which 
the Pendulum vibrated in this Caſe, was not all of 
507 50 to the Quantity of Motion given to the 
Wed, bu: Part of it was —— by the Confinement 
Powder, and the greater Quantity thereby 
git Nas. if it were true, that à Part only of * 
Powder fired, when there was no Wad, it would not 
happen; that in firing different ent Quantities of Pow- 
der: without a Wad, the Chord of the aſcending 
Arch would increaſe and decreaſe nearly in the Ra- 
tio of thoſe Quantities, which yet I have found it 
to do for with g dw, N was 7, 3 Inches, 
ek with 12 dw. we haye ſeen was but 10, and 
19,4 e even i. *. e was 2 Inches; 


b 0. 91 * _ deficient 
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deficient from this Proportiun by, g only; ſor which 

Defect two other valid Reaſons are to be aſſigned. 
And there is ſtill a more convincing Proot/ that 
all the Powder is fired, altho* no Wad' be placed 
before the Charge; which is, that the Part of the 
Recoil ariſing from the Expanſion of the Powder 
alone is found to be no greater, when it impells a 
leaden Bullet before it, than when the fame Quan- 
tity is fired without any Wad to confine it. We 
have ſeen, that the Chord of the Arch, thro! which 
the Pendulum roſe from the expanſive Force of the 
Powder alone, is 10, or 10, 1; and the Chord of 
that Arch, when the Piece was charged in the cuſto- 
mary Manner with a Bullet and Wad, I found to 
be the firſt time 225, and the ſecond time 227; 
or at a Medium 22, 56. Now: the Impulle of the 
Ball and Wad, if they were ſuppoſed to ſtrike the 
Bendulum in the ſame Place, in which the Barrel 
was ſuſpended, wich the Velocity they had acquired 
at the Mouth of the Piece, would drive it through 
an Asch, whoſe Chord would be about 12, 3, as is 
known from the Weight of the Pendulum, the 
Weight and Poſition of the Barrel, and the Velo- 
city of the Bullet, determined by our former Expe- 
riments ; whence, ſubtracting this Number 12, 3 
from 22, 56, the Remainder 10, 26 is nearly the 
Chord of the Arch, which the Pendulum would 
have aſcended through, from the Expanſion of the 
Powder alone, when fired with a Bullet before it 
and this Number 10, 26 differs very little from 20, 1, 
which we have above found to be the Chord of the 
aſcending Arch, when the ſame Quantity of Pow- 
der expanded itſelf freely, without either Bullet or 
Wad before it. | i Rt 
Again, that this Velocity of 7000 Feet in 27 is 
not much beyond what the moſt active Part of the 
Flame acquires in expanding, is evinced from hence, 
that we have above, in the 38ch Experiment, an 
| E 3 Inſtance 


* 
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—_ of à Ball actually diſcharged with a Velo- 
city of 2400 in 17, and yet it appeared not, that 
the Action of the Powder on this Bullet was at all 
diminiſhed on account of this immenſe Celerity ; 
* conſequently, the Degree of Swiftneſs, with which 
in this Inſtance the Powder followed the Ball, with- 
out loſing any Part of its Preſſure, muſt have been 
much ſhort of what the Powder alone would have 
expanded with, had not the Ball been there. 
And it is this igious Celerity of Expanſion 
of the Flame of fired Powder, which is its peculiar 
Excellence; and the Circumſtance, in which it ſo 
eminently ſurpaſſes all other Inventions, either anci- 
ent or modern, for the Purpoſe of military Projec- 
tions: For as to the Quantity of Motion of theſe 
Projectiles only, many of the warlike Machines 
of the Ancients produced this in a Degree far ſur- 
that of our heavieſt Cannon- ſhot or Shells 3 
the great Celerity given to theſe Bodies cannot 
be in the leaſt approached by any other Means than 
by the Flame of Powder. The Reaſon of this Dif- 
ference is, that the Ancients could by Weights, or 
the Elaſticity of Springs and ſtretched Cords, aug- 
ment their Powers to any Degree deſired ; but then 
each Addition of Power brought with it a propor- 
tional Addition of Matter to be moved: So that as 
the Power increaſed, thoſe Parts of the Machine, 
which were to communicate Motion to the Projec- 
tile, and were conſequently to move with it, were 

likewiſe increaſed ; and thence it neceſſarily ha 
ſolely 


, that the Action of the Power was not 
employed. in giving Motion to the impelled Body, 
but much the greateſt Part of it was ſpent in acce- 
lerating thoſe Parts of the Machine, in which the 
Power reſided, to enable them to purſue-the Body 
to be projected with a perpetual Impulſe, during 
its whole Paſſage thro” the Extent of their Activity. 
Hence then it came to paſs, that, tho theſe ancient 
HY _ Machines 


Celerity, compared with what 
to our Cannon and Muſket-ſhot : Whence, in all 
Operations, where theſe great Velocities are uſetul, 
our Machines are infinitely ſuperior to thoſe of An- 
z altho?, in more confined and ſhorter Pro- 
theſe laſt have ſome Advantages, | which 

may yet et render them worthy of the Attention of 
thoſe military Genius's, who have Capacity enough 
to conſider each Part of their Proteſſion according 
to its true and genuine Value, independent of the 

panes Eſtimation of the Times they live in. 

From the Determinations contained in this Pro- 
ition, the Force of Petards may be deduced, 
their Action ſolely depends on the Impulſe of 
. oy Flame; and it appears, that a 2 of Pow- 
der, properly . diſpoſed in ſuch a Machine, may 
| pr oduce as violent an Effort as a Bullet of twice its 


eight, e e a ain of 14 or 1 
Feet in 20." 


Nase 


Too ertain the Manner in which the Flame 7 
eder impells a Ball, which is laid at a 


e D. Kaner from the Charge. 


E have, i in many of the Experiments ind 
by us above, laid the Ball not immediately 
contiguous to the Powder, but a ſmall Diftance 
from it; the greateſt Interval, however, has not 
amounted to more than about 1: Inch, from the 
hinder Part of the Bullet to the neareſt Part of the 
Powder; and, in theſe Caſes, we have ſeen, that the 
Theory "agreed very well with the Experiments : 


on 1 ot 6 EP Goa 
24 the 
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ende ſuppoſe ar 12, 18, or ag Inches, we 
cannot then apply to the Motion of this Ball the 
ſame Principles which, in the 7th Propoſicron, we 
have applied to ſuch as are contiguous to the Pow- 
der, or nearly ſo; for we have ſeen, in the laſt 
tion, that, when the Surface — the fired 
Powder is not confined by a heavy Body, which it 
is obliged to impell before it, the Flame dilares its 
ſelf with a Velocity much beyond what it can at 
any time communicate to a Bullet by its continued 
Preſſure; conſequently, as in the Diſtance ot 12, 
28, or as Inches, the Powder will have acquired a 

conſiderable Degree of this Velocity of Expantſi 
the firſt Motion of the Ball will —— — 
by the continued Preſſute of — — but by 
the actual Percuſſion of the Flame; and it will 
therefore begin to move with a Quantity of Mo- 
m__ yo joned to the Quantity of this Flame, 

ocities of its reſpective Parts. 


5 5 — — then it follows, that the Velocity of 
a Bullet, laid a conſiderable Diſtance before the 
Charge, ought to be greater, than what would be 
communicated to it by the Preſſure, of the Powder 
acting in the Manner deſcribed in the 7th Propoſi- 
tion; and this Deduction from our Theory we 
have confirmed by manifold Ex perience; by whith | 
we have found, c a Ball lid in the Barrel A,. 
with its hinder Part 11 Inches from its Breech 
.and impelled by 12 dw. of Powder, has — 
on its Diſcharge a Velocity of about 1400 Feet in 
173 when, if it had been acted on by the Preſſute 
of the Flame only, it would not have acquired a 
Velocity of 1200 Feet in 1“. The fame we have 
found to hold true in all other greater Diſtances, 
(and alſo in leſſer, tho“ not to the ſame. Degree) 
and in all Quantities of Powder. And we have 
likewiſe found, that theſe Effects nearly correſpond 
with what was laid down in the laſt 1 — 
about 
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about the Velocity of E „ and the "elaſtic 
and unelaſtie Parts of the Flame 
And from hence too-ariſes another Conſidrration 
of great Conſequence in the Practice of Gunteryʒ 
which is, that no Bullet ſhould at any time be 
laced at any conſiderable Diſtance before the 
Charge, unleſs the Piece be extremely fortified ; for 
4 moderate Charge of Powder, when it has ex: 
panded itſelf through the vacant Space, and reaches 
the Ball, will, by the Velocity esch Part has ac- 
quired, aetumulate ittelf behind the Ball, and will 
thereby be condenſed prodigiouſly ; whence, if the 
Barrel be not of ah extfaordibary Firtnneſs in that 
Part, it muſt, by this reinforced Elaſticity of the 
Powder, infallibly burſt, The Truth of this Rea- 
fonmg 1 have need in an exceeding good 
Tower-Moſquet, forged of very tough Iton; for 
charging it with 12 dw. of Powder, and placing 
the Ball 16 Inches from the Breech, on the firing 
it, the Part of the Barrel juſt behind the Bullet was 
ſwelled outs to double its Diameter, like a blown 
Bladder, and two large Pieces of two Inches long 
were burſt out of it. * ! 

Having ſeen that the entire Motion of a Bullet, 
laid at a conſiderable Diſtance from the Charge, is 
acquired by two different Methods, in which the 
Powder acts dn it;; the firſt being the Percuſſion of 
the Parts of the Flame, with the Velocity they had 
reſpectively acquired by expanding; the ſecond, 
the continued Preſſure of the Flame through the 
remaining Part of the Barrel; I endeavoured to 
ſeparate theſe different Actions, and to. retain that 
only, which aroſe from the continued Preſſure of the 
Flame. - For this Purpoſe, I no longer- placed -the 

der at the Breech, from whence it would have 
ull Scope for its Expanſion, but I ſcattered it as 
oniformly as I could «through the whole Cavity left 
behind the Bullet; imagining that, by this * 
t 
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the progreſſive Velocity.of the Flame in each Part 
"would be prevented by the Expanſion of the neigh- 
bouring Parts: And 1 found, that the Ball 
being laid 111 Inches from the Breech, its 
Velocity, inſtead of 1400 Feet in 17, which it ac- 
ired in the laſt Experiments, was now no more 
1100 Feet in 14; which is 100 Feet ſhort of 
what, according to the Theory, ſhould ariſe from 
the continued Preſſure of the Powder only. 
The Reaſon of this Deficiency was, doubtleſs, 
the inteſtine Motion of the Flame; for the Accen- 
ſion of the Powder, thus diſtributed through ſo 
much a larger Space than what it could fill, muſt 
have produced many Reverberations and Pulſations 
of the Flame; and from theſe internal A gitations 
of the Fluid, its Preſſure on the containing Surface 
will (as is the Caſe in all other Fluids) be conſide- 
rably diminiſhed ; and it has been in order to avoid 
this Irregularity, that in all the Experiments I have. 
made, I have taken particular Care to have. the 
Powder cloſely confined-in as ſmall a Space as poſ- 
ok, even when the Bullet lay at ſome little Diſtance 
rom it. 


Jo enumerate the various Kinds of Powder, and 
to deſeribe the propereſt Methods of examining 
its Goodneſs. | | 


HE Powder, we have hitherto conſidered, is 
ph ſuppoſed to be ſuch, as is made for the Service 
of the Government; but, beſides this, there are 
many other Kinds, ſome better and ſome worſe, 
which I here propoſe to enumerate, as far as they 

have come to my Knowledge, ues 
But, firſt, I muſt premiſe, that the Government 


Powder, if properly wrought, is, I believe, nearly 
as 
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25 good, 48 any Pawder made for general Uſe. 1 


have examined it with great Care, and have com- 
pared it with other Powders made here in Exgland, 
which are eſteemed the beſt, ſuch as the Battle, £97; 
and I cannot find any ſenſible Difference between 


them. I have likewiſe compared it, in frequent 


Trials, with ſome Spaniſo Powder, taken out of 
the St. Jago Prize; and tho', if I were to give my 
Opinion, I ſhould rather believe the Spaniſh Pow- 
der the better of the two, yet ſo ſmall an Inequa- 
lity as a fiftieth or ſixtieth Part, which is the moſt 
that the Difference between them can amount to, 
is too little to be aſcertained” with abſolute Certain-' 
ty, I conceive too, by comparing the-Experiments 
of others with my own, that the French Powder is 
little different from ours; altho? I cannot be ſo cer- 
tain on this Head as I could wiſh, having never 
been able to procure any of their Powder myſelf. 


But it muſt be remember'd, that when I ſpeak of our 
Government Powder, it muſt be, what is ſuppoſed. 


to be made of the Standard Proportion of Materials, 
and properly wrought ; for ſuch was the Powder I 
made . A n ORE $229 
The ſtrongeſt Powder, I have yet met with, is 
ſome which, I am told, was made in Holland; its 
Force, compared with that of our Government 
Powder, is nearly as 5 to 4. But this Powder is 
undoubtedly made of the choiceſt pick'd Materials, 
and is probably wrought up with Spirits 3 ſo that 
Quantities of it could not be made, bur at a much 
greater Expence, than what would be repaid by its 
additional Strength, N | 
The next beſt Powder, that has come to my 
Hands, is a Powder made in Portugal, under the 
Direction of a Dutchman, who ſome Years fince 
eſtabliſhed Powder-Mills near Liſbon. This is in 
Strength interior to the Dutch Powder laſt _ . 
A toned 3 
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Yoned';7 but is, however, nearer to that than to our 
Government Powder. | 
The common Sale Powder here in Expland, ſuch 
as is to be had at every Grocer's, is much worſe 
than the Government or the Baitle Powder, and ex- 
tremely vatious, according to the Caprice of the 
Maker. 1 have tried ſome, whoſe Strength has 
been in Proportion to the Government Powder, as 
2 to 3 nearly, and other Parcels have been ſtill 
worſe; but the worſt of all is the Powder made for 
the African Trade, uſually ſtyled Guinea Powder: 
But theſe,weaker Powders are not worth Examina- 
tion, as there is no eſtabliſhed Standard for their 
Compoſition. — 0 f 

Now theſe Differences in the Strength of Powder 
may ariſe from three Caufes; either from the Qua- 
lity of the Materials, from the Proportion obſerved 
in their Mixture, or from the Manner of working 
them together. | 
Powder, as is generally known, is compoſed of 
Saltpetre, Sulphur, and Charcoal: Of theſe Mate- 
rials the Sulphur and Charcoal are much the chea 
eſt; and tho* there are peculiar Kinds of theſe, 
which are fitteſt. for this Purpoſe yet the Expence 
of having the very beſt is ſo ſmall, when compared 
to the whole Coſt of the Powder, that it is ſtrange, 

if Powder, which would - be otherwiſe good, is 
ſpoiled by bad Sulphur or Charcoal. | 

The moſt expenſive Part of the Compoſition, and 
conſequently the Part to which the Defefts of Pow» 
der are oftner owing, is the Saltpetre. This is a 
Subſtance imbibed by the Earth from the Air; for 


a Quantity of Earth, which has had its Saltpetre 
waſhed out of it, will, when it has been expoſed 
to the Air for ſome time, . produce Saltpetre again; 
and this. as often as the 
peated, 


Experiment ſhall be re- 
Saltpetre 
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- iſe en uaipllaimmabls Sdbſkerce3 
for ifs it be placed in the moſt violent Firey"ie-only 
melts,,and_ — flames, provided no combuſtible 
Matter is permitted to mix with it: But the” of it- 
ſelf, unmixed with other Bodies, it will neither flame 
nor burn; het, it it be joined wich burning Sub- 
ſtances, it prodigiouſly. augments the ' Violence of 
their — performing, in this Caſa, What the 
ir, forcibly mixed with Fire by the Blaſt of a 
air of Bellows, does in à much inferior: 
Powder then. being a Mixture of Sulphur and 
Charcoal, which are very inſlammable 
with Saltpetre, which in itſelf is not, if the Salt 
petre be too much in Quantity, when compared with 
the other two, their burning may not be ſufficient 
to conſume the whole of the Saltpetre ; whence the 
Fire may be leſs violent, and conſequently (accords . F 
ing to What we have obſerved in the 0¹ Propo-. . | 
 fition) the Powder leſs: vigorous, than if ſome of | 1 
the Saltpetre was taken away, and a like 5 


the aber bad, i che Sap in its 

hand, Saltpetre in the Compolirion 
be leſs, than what the burning of the other two 

Subſtances can caſily conſume, the Fire will be leſs 

active than it ought to be, becauſe it is aug- 


1 e en 
| er to-the Cee. 


8 . then it ap) | that” the Goodneſs! of 
Pawder is not to be eſtimated only from the Quan- | 
tity of Saltpetre contained in it, alcho* that Sub» - .i 
ſtgnce ſeems to be the Baſs of the elaſtic Fluid, in 
which its Force-conliſts; for ſince the converting of 
the Saltpetre into that Fluid, and the Elafticity of 
— wrcrg depend in ſome meaſure” on 
the Violence of the Fire produced at the Explo- 
lion, it is plain, that there is a certain Proportion 
in — of che Materials, which will beſt 
contribute 


| (6) 
contribute. to this Purpoſe, „ 


N — has been aſtertained 
portion is, 
Experience; rn 
agreed, that in any Quantity of Powder-4 of it 
ſhould be, Saltpetre, the remaining + conſiſting of 
equal Quantities 2 of Selphur ſand: Charconl,” THAW - 
is the Proportion tene e French, and, * 
believe, by moſt Nations in | 
pretend to a greater Degree of in 
rtions; thoꝰ, 1 am told, 5 not — differ 
rom what I have mentioned; nor am 1 convinced, 
that they are preferable: This I am fure of, that no 
Methods of proving Powder, - hitherto! general — 
practiſed in England, could at all aſcertain the 
terence; and other Powders, made with the uſual 
Proportions, are no whit inferior to ours. 

But it is not the due Proportion of the Materials 
only, which is neceſſary to the making of good 
Powder ; another Circumſtance, not leſs eſſential, is 
the mixing them well together; if this be not el. 
fectually done, ſome Parts of the ſition will 
have too much Saltpetre in them, and others too 
little 3 and in either Caſe there will be a a = 
Strength in the Powder: 

As the Excellency of Powder. then: Aae on 
ſo many Particulars, in the. Quality and Quantity of 
the Materials, and in the working them together. 
it is, doubtleſs, of great Importance, that thoſe who 
receive the publick Stores ſhould have it in their 
Power to fatisfy themſelves about the Goodneſs. of 
what is delivered to them. The Method moſt com- 
monly followed of this Purpoſe, here with us, is 
(if I am rightly informed) to fire a ſmall Heap of 
it on à clear Board, and to attend nicely to the 
Flame and Smoke it produces, as likewiſe-to the 
Marks it leaves behind it on the Table; from all 
which inſtructive Particulars the Merit of che Pow. 


26 der 
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der is aſcertained with great Accuracy, 20 is 
tended: But beſides this uncertain Method, wh, 
I preſume, (how much ſoever it may be praftiſed) | 
none will ſeriouſly undertake” to defend, there are, 
on particular Occaſions, other Contrivänces made 
uſe of; all which bear ſome Analogy to the com- 
mon Powder-triers, ſold at the Shops ; only they 
are more artfully fabricated, and inſtead of a Spring 
they move'a Weight, which i a moe ceraain and 
equable Power. 

But theſe Machines, tho? more perbect tan the 
common Powder-tricrs, are yet liable to great Irre- 
gularities; for as they are all moved by the inſtan- 
taneous Stroke of the Flame, and not by its conti- 
nued Preſſure, they do not determine the Force of 
the fired Powder with that Certainty and Unifor- 
mity, which were to be defired in theſe kinds of 
Trials: And therefore, I cannot but think, the 
Method followed by the French, in the receiving of 
Powders by the Makers, to be much better. Their 
Practice is thus: b 

They have, in each Magazine, a ſmal] Mehr 
caſt, with its Bed, according to a determined Pat- 

tern, which is the fame throughout g the Kingdom : 

This Mortar is always pointed at 455, and it con- 
tains juſt three Ounces * Powder ; and it is a 
ſtanding Maxim, that no Powder can be received 
into their Stores, unleſs three Ounces of it, placed 
in the Chamber of this Mortar, throws a ſolid Ball 
of 7 + Inches Diameter to the Diſtance of at leaſt 55 
French Fathom. 

It has been objected to this Method, that if each 
Barrel of Powder was to be proved in "this manner, 
the Trouble of charging the Mortar, and bringing 
back the Ball each time, would be intolerable 
the Delay ſo , that no Buſineſs of this kind 
could ever be niſhed 3 and if a Number of Bar- 


rels are received on — it is 844 
ds 
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Odds but ſore, had ones will be amongſt them, 
which, may 7 a great Dilappointment in time oi 
Service. Add to this another Exception, which 
to me. has much more Weight; and that is, the 
monſtrous Diſproportion berwern the Weight of the 
Ball and the Powder that Ebb ſo that the 
Powder continues in Action a longer time, and exe - 

pands — 1 hraer Space in Proportion 
to its Quantities in theſe Trials, thigh it ever does 
in any real Service; whence it * es that = 
Vapour, cools, and great, Fart of it pes throꝰ che 
Touch · ble, or by the Side of the Bullet; ſo that the 

Quantity.of Motion. pfodyces by the 4 

in Phage, but .litle, more than 12 of 1 Fo 
ought to be, if the Powder, 12 on the 
ts full Force undiminiſhed 8 
conſequently, as this Dons On of Force may not 
be always conſtant, the Action of the ſame Powder, 
by the varying of theſe adventitious Circum 
may, at different Times, convey the Ball 10 diffe- 
rent Diſtances. 
- - Now this laſt Exception does no ways. hold nt 
the Method by which L have tried the comparative 
Strength of different kinds of Powder, which has 
been by the actual Velocity n, to a Bullet, bß 
ſuch a Quantity of Ppwdet᷑ as ig uſually eſteemed a 

oper Charge for the Piece: And as this Veen 
—.— great, is eaſily een by the M 
which the Pendulum acquires from the Stroke 
the Bullet, (according to , the Principles laid down 
above) it might ſeem a good Amendment to 
Method uſed by the French, to introduce chis Tria 
by the Pendulum inſtead of it. But tho I am fg: 
risfied, that this would he much more accurate, leſs 
Iaborious, and readier than the other, yet. as there 
is ſome little Attention and Caption required in this 
Practice, which might; render it of leſs —— 
than. wise be convenient, When 4 RH Nuneen 4 

arre] 


TYQ 


ands could, by this — 
Moening 8 beſides, the Mach 


* 


ion 
of this Method at preſent, — ſhall — to the 
Con ſideration of the Reſiſtance of the Air, 4 


et of the Senn Importance to the Perſeation e 
Gunnery. 
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© SIRI GRP) 
. 
of the Refiftante of the Air, and 


the Track deſcribed by the Flight 
of — and Shells. 


1 IEroRE t minutely diſcuſs the 
7 5 | Subject of this Chapter, it is 

. . to premiſe, that the greateſt Part of Au- 
b thors have eſtabliſhed it as X certain 


| Rule, that, whilſt the ſame 

in the ſame Medium, it is always 2 in the 
duplicate Proportion of its Velocity; that is, if 
the reſiſted Body move in one Part of its Track 
with three times the Velocity with which it moved 
in ſome other Part, then its Reſiſtance to the greater 
Velocity will be nine times the Refiſtance to the 
lefler. If the Velocity in one Place be four times 
the Velocity in another, the Reſiſtance to the greater 
Velocity will be ſixteen times the. Reſiſtance to Gs 
lefler, and ſo on. This Rule, tho“ exceſſively erro 
neous, (as we ſhall hereafter — when 

a general Senſe, is yet undoubtedly very near — 
Truth, when =+ Le" within certain Limits z — 
therefore, in our future Diſqu — we ſhall fi 


- us eo ſmall Changes ocity inthe 
ig yoda; 3 


| hereafter of the Reſiſtance of the Medium 
EST, of the 
include that 


Velocity, 'we ſhall not 
to take Place according 


or Diminution, which 
to this Law, but ſhall ingnd « — 
greater 


or diminiſhing its : 
of our preſent — — to 


Body, 
Medium, as ; ry ſcarcely be e 
cording to the Principles commonly received on this 


Subject, by a treble Augmentation of its I | 
This we doubt not irrefragably to confirm in the 
following Diſſertation. | 


PROPOSITION E 


| To deſeribe the general Principles of the Res 
| Zune of Fluids to ſolid Bodies moving in 
f 


N order to conceive the Reſiſtance of Fluids to 
a Body moving in them, it is neceſſary to diftins 
Iſh between choſe Fluids which, being compreſſed 
by ſome incumbent Weight, perpenually cloſe up 
the Space deſerted b bythe Body in M Motion, without 

— for an Inſtant any V to remain be- 
ind it; and thoſe Fluids in nch ( (they being not 
ſufficiently compreſſed) the Space left behind the 
moving remains for ſome time empty. Theſe 
Differences, in the reſiſting Fluids, will occaſion 
very remarkable Varieties in the Laws of their Re- 
fiſtance, and are abſolutely neceſfary to be conſidered 
in the Determinatioa of the Aion of the Air 0 
Shot and Shells ; for the Air of both theſe 
Affectiona, — to the die Velocnies of 


aw * F 2 II 


(6) 

H Flad was fo coaſtituted, that all the Par- 
ticles oompoſing it were at ſome Diſtance from cas 
other, and! there was no Action between them, then 
the Reſiſtance of x Body moving therein would be 
eaſily cormputed, from the Quantity of Motion com- 
municated to theſe Particles: For inftance, if a Cys 
linder moved in ſuch a Fluid in the Direction of 
its Axis, it would communicate to the Particles ie 
met with a Velocity equal to its own, and in its 
don Direction, ſuppoſing that neither the Cylinder, 
not the Parts' of the Fluid, were elaſtic; whence, 
M che Velbciry and Diameter of the Cylinder be 
known, and alſo the Denſity of the Fluid, there 
would thence” be determined the Quantity of Mo- 
tion communicated to the Fluid, which (Action 
and Re · action being equal) is the ſame with the 
Quantity. loſt by the Cylinder, conſequently the 
Reſiſtance would be hereby aſcertained. | 

In this kind of diſcontinued Flaid, the Particles 
being detached from each other, every one of them 
can purſue its own Motion in any Direction, at leaſt 
for ſome time, independent of the neighbouring 
ones; Wwhetefore, it, inſtead of a Cylinder moving 
in the Direction of its Axis, a Body, with a Suf- 
tace oblique to its Direction, be ſuppoſed to move 
in ſuch a Fluid, the Motion the Parts of the Fluid 
will hereby acquire, will not be in the Direction of 
the reſiſted Body, but perpendicular to its oblique 
Surface; whence the Reſiſtance to ſuch a Body will 
not be eſtimated from the whole Motion comintini- 
cated to the Particles of the Fluid, but from that 
Part of it only, which is in the Direction of the re- 
ſiſted Body. In Fluids then, whete the Parts are 
thus diſcontinued from each other, the different Ob · 
tiquities of that Surlace, which goes: ſoremoſt, will 
occaſion conſiderable Changes im the Reſiſtance, althe 
the Section of the ſolid hy a plain Perpendicular to its 
Direction ſhould in all Caſes be the h And-Sir 


- Iſaac 


(69) 
Newton has particularly determined, that in 
4 Fluid thus conſtituted, the Reſiſtance of a Globe 
is but half the Reſiſtance of a Cylinder of the 


1 moving in che Direction of its Axis | 


the ſame Velocity. | 17 1 210121 
But tha the Hypotheſis of a Fluid, thus conſti- 
ny be of great Uſe in explaining the Nature of 

ſiſtances z yet, in reality, no ſuch Fluid does exiſt 
within our Knowledge: All the Fluids with which we 
are converſant are ſo formed, that their Particles 
either lie contiguous to each other, or at leaſt act 
on each other in the ſame manner, as if they did: 
conſequently, in theſe Fluids, no one Particle, con- 


tiguous to the reſiſted Body, can be moved, withe 


out moving at the ſame time a great Number of 
others, ſome of which will be diſtant from it; and 
the Motion thus communicated to a Maſs of the 
Fluid will not be in any one determined Direction, 
but will in each Partic) e be different, according te 
the different Manner in which it lies in Contact with 
thoſe, fram whence it receives its Impulſe z whence, 
great Numbers of the Particles being diverted into 
oblique Directions, the Reſiſtance of the moving 
Body, which will depend on the Quantity of Mu- 
tion communicated to the Fluid in its own Direc- 
tion, will be hereby different in Quantity, from what 
it would be in the preceding Suppoſition, and its 
Eſtimation. becomes much more complicated and 


If the Fluid be compreſſed by the incumbent 
Weight of its upper Parts (as all Fluids 2 with 
us, at their very Surface) and if the Velo- 
city of the moving be much leſs than that 
with which the Parts of the Fluid wauld 'ruftv into 
a void Space, in conſequence of their — — 
it is evident, that in this Cafe the Space left by the 

moving Body will be inſtantaneouſly filled up by 
the Fluid, and the — the Fluid againſt * 
n 3 e 


\ 


ing | 
irecti y, circulate in ſome meaſure 
towards the hinder Part of the Body, thereby to 
reſtore the Equilibrium, which the conſtant Influx 
of the Fluid behind the Body would otherwiſe de- 
ſtroy ; whence the progreſſive Motion of the Fluid; 
and conſequently the Reſiſtance of the Body, which 
4 would be in this Inſtance much 
than in our firſt Hypotheſis, where each Par- 
ticle was ſappoſed to acquire, from the Stroke of 
the reſiſting Body, a Velocity equal to that, with 
which the Body moved, and in the ſame Direc- 
tion. Sir //aas Newton has determined, that the Re- 
ſiſtance to a Cylinder moving in the Direction of 
is Axis, in ſuch a compreſſed Fluid as we have 
Here treated of, is but one fourth Part of the Re- 
ſiſtance, which the ſame Cylinder would u 
if it moved with the ſame Velocity in a Fluid con- 
_ in — — 7 or hy ra ee in our 
| y 8, Flui being ſuppoſed to be 
Se 
again, it is not only in the t 
Reſiſtance that theſe Fluids differ, but likewiſe-in 
the different Manner, in which they act on Solids of 
different Forms moving in them. | 
We have ſhewn, that in the diſcontinued Fluid, 
which we firſt deſcribed, the Obliquity of the fore- 
moſt Surface of the moving Body would diminiſh 
the Reſiſtance z but in compreſſed Fluids this holds 
not true, at leaſt not in any conſiderable Degree 
for the principal Reſiſtance in compreſſed Fluids 
ariſes from the greater or leſſer Facility, with which 
the Fluid, impelled by the Fore-part of the Body, 
can circulate towards its hindermoſt Part; and this 
being little, if at all, affected by the Form of the 
moving Body, whether it be cylindrical, conical, 
or ſpherical, ic follows, that while the tranſverſe Sec- 


ths the Qatiy vo 


ill ſcarcely affect the Quant 


of in Refiſtangs, 
And this Caſe, that is, the eſiſtance of a com- 
preſſed I in it with a Velo- 
city 


would acquire from their Compreſſion z this 
I fay, has been fully confidered by Sir Iſaac 
Newton, who has aſcertained the Quantity of ſuch 
a Reſiſtance according to the different Magnitudes 
of the moving Body, and the Denſity of the Fluid, 
But he very expreſsly PE ho be 
has laid down are not genera but upon 3 
poſition that the e | of the Flvid be 
increaſed in the greater Velocities of the moving 
Body : — 14 — unſkilful Writers — 
have followed him, overlooking this Caution, havg 
applied his Determinations to Bodies moving with 
kinds of Velocities, without attending to the 
T of the Fluids they were re- 
by this Means they have accounted 
＋ Raumes of the Air to Muſket and Cannon-ſhot 
to be but one third Part of what I have found it 
by Experience. 
Indeed, from all we have ſaid, it appears plain 
h, that the reſiſting Power of the Medium 
muſt be increaſed, when the reſiſting Body moves ſo 
that the Fluid cannot inſtantaneouſly preſs in 
it, and fill the deſerted Space; for when 
the Body will be deprived of the 
the Fluid behind it, which in ſome 
anced its Reſiſtance, and muſt ſupport 
-part the whole Weight of a Column of 
ant of the Motion it gives to 
of the Fluid; and beſides, the Motion in 
Particles driven before the Body is, in this Ca 
affected by the Com on of the Fluid, an 


conſequently are leis deflected from the Di- 
I F 4 reion 
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firſt Hypo 1 50 4 1 90 5 the F Ti 
being bee With the lis mh cm 
Flued its own n Jon, w 
wt being 1 woe by their Wy , 
; and therefor, as we before obſerved, chat 
15 ehſtance of a Upon luid to 4 * 
er, moying in the Pirection of its wo 
905 Ereater than the Reſiſtance Flaid 4 Gi; 
en ly com Fackel of che ſame Denſity, it follows, 
the Raſiſtance of a Fluid, when 2 Fac 3 
50 8 the moying Body, may 
2 es cater than that of the ſame 
— fo Vacuity is formed; for when a 100 5] ng 
1 — left, we have ſhewn the Reliſtanee to a app 
n. = Nature to that of a diſco Inued, Flui 
This then may probably be be the Caſe in a Cy- 
linder moving in the Poe! compreſſed Fluid, ac- / 
cording to the different Degrees of its Velocity.z io 
that if it ſet out with a great Velocity, and moves 
in the Fluid till that Velocity be much diminiſhed, 
the reſiſting Power of the Medium AN be near 
four tima E * in the Beginning of its Motion 
in the End, In 2a Globe the Difference will not 
ſo great, becauſe, on account of its ablique Sur- 
face, its Reſiſtance in a diſcontinued Medium is hut 
about twice as much as in one properly 7 0 ; 
for its oblique Surface Giminithes its Reſiſtance in 
one Caſe and not in the other: howeyer 
8 of the Medium, eyen when a YEuE 
is left behind the moving Body, may 
the oblique Motion af the Parts of the Fla W ich 
20 Ariven before the Body, and as in an elaſtic 
luid (as is our Air) there will be ſome Degree of 
e in thoſe Parts, it is highly probable, 
thac ** Reſiſtance F: 8 Gs, moving in l 


id, when 


between that of and of a Cylinder, in a 
iſcoptipued Medium; that is, (in Proportion to its 
Velocity) we may Juppole it to be more than twice, 
and leſs than fogr times the Reſiſtance of the ſam 
Globe, moying lowly through the ſame Medium; 
whence, perhaps, we ſha]l not much err in ſuppoſing 
the Globe. in its ſwifteſt Motions to be refiſted near 
three times more, in Proportion to its Velocity, than 
when it is ſſoweſtt. * 
And as this Increaſe gf Oy TOE ove of 
the Medium will take Place, when the Velocity of 
the moving Body is ſo great, that a 4 Vacuity 
is left behind it, ſo ſome Degree © In 
will be ſenſible in Velocities much ſhort of this; for 
even when, by the Compreflion of the Fluid, the 
Space left behind the Body is iaſtantaheovfly filled 
up, yet if the Velacity, with which the Parts of the 
Fluid ruſh in behind, is not much greater than that, 
with which the Body moves, the ſame Reaſons we 
have urged above, in the Caſe of an abſolute Va- 
cuity, will hold in @ leſs Degree in this Inſtance ; 
and therefore we are not to ſuppoſe, that the in- 
creaſed Reſiſtance, which we have hitherto treated 
of, immediately yaniſhes, when the Compreſſion of 
the Fluid is juſt ſufficignt to prevent a Vacuum be- 
hind the reſiſted Body; but we muſt conſider it as 
; diminiſhing only, according as the Velocity with 
which the Parts of the Fluid follow the Body, ex- 
ceeds that with which the Body moves. 
Hence then we conclude, that if à Globe ſets 
out in a reſiſting Medium, with a Velocity much 
exceeding that with which the Particles of the Me- 
dium would ruſh into 2 void Space, in canſequence 
of their Compeeſſion, ſo that a Vacuum is nedeſſa- 
ily left behind the Globe in its Motion, the Re- 
tance of this Medium to the Globe will be near 
three Fines greater, in Proportion to its Velocity, 
than What we are fure, from Sir Haac — 
2 * * 3s — 


paſs Bud rite Fer gran ity, will be 


of the Globe | i 
with Velocities, which bear but a ſmall Proportion 
to that, with which the Particles of theMedium fol- 


low it, the Reſiſtance becomes the ſame with what 


is aſſigned by Sir aac Newton in the Caſe of a 
compreſſed Fluid. . k 

And from this Determination we may learn, how 
falſe that Poſition is, which aſſerts the Reſiſtance 
of any Medium to be in the duplicate Proportion 
of the Velocity of the reſiſted Body; for it plainly 
appears, by what we have faid, that this can only 
be conſidered as nearly true in ſmall Variations of 
Velocity, and can never be applied in the compa- 
ring together the Reſiſtances to all Velocities hat- 
ever without the moſt enormous Errors. 

Theſe Principles being laid down, we ſhall next 
proceed to an experimental Examination of the Re- 
ſiſtance of the Air in particular, both in order thence 
to evince how nearly theſe Speculations agree to 
the real obſerved Action of Fluids, and likewiſe to 
ſhew, how egregiouſly all thoſe Theoriſts have been 
miſtaken, who have conceived, that the Reſiſtance 
of the Air to Shells and Shot of all kinds was 
| ſcarcely worthy of Attention. 


PROP. IL 


To determine the Refiftance of the Air to Pro- 
jectiles by Experiments. 

Y Means of the Machine deſcribed in the 8th 

Propoſition, I have it in my Power to deter- 

mine the Velocity, with which a Ball moves in any 

Part of its Track, provided I can direct the Piece 

e 


. 
lum in chat Part; and therefore charging a. 
Muſleet - barrel three times ſucceſſively with a leaden 
Ball of ; of an Inch Diameter, and about half its 


Weight of Powder, and taking ſuch Precaution in 

the weighing of the Powder, and placing it, that 

J was aſſured, - 8 many previous Trials, that the 
Il could 


Velocity of the not differ by 20 Feet in 
1 from its Medium Quantity, I fired it againſt the 
Pendulum placed at 25 Feet, at 75 Feet, and at 125 
Feet Diſtance from the Mouth of the Piece reſpec- 
_tively; and I found that it impinged againſt the 
Pendulum in the firſt Caſe with a Velocity of 1670 
Feet in 17, in the ſecond Caſe with a Velocity of 
| 1550 Feet in 17, and in the third Caſe with a Ve- 
locity of 1425 Feet in 17 ſo that in paſſing thro? 
9 N of Air, the Buller Joſt a Velocity of about 
120 or 125 Feet in 17; and the Time of its paſſing 
thro? that ing about = or = of 1”, the. 
Medium Quantity of Reſiſtance muff, io theſe In- 
ſtances, have been about 120 times the Weight of 
the Ball, which (as the Ball was nearly g of a 
Pound) amounts to about 10 lb. Avoirdupoiſe. 

- Now if a Computation be made according to- 
the Method laid down for compreſſed Fluids in the- 
38ch Propoſition, Lib. 2. of Sir //aac Newton's 

Principia, ſuppoſing the Weight of Water to be to 
the Weight of Air, as $50 to 1, it will be found, 
that the Reſiſtance to a Globe of 3 of an Inch Dia- 
meter, moving with a Velocity of about 1600 leet 
in 17, will not, on thoſe Principles, amount to any 
more than a Force of 4 ; lb. Avoirdupoiſe ; whence, 
as we know, that the Rules contained in that Pro- 
—— are very accurate in ſlow Motions, we ma 

e conclude, that the reſiſting Power of the A 

in low Motions is leſs than in ſwift Motions in the 
Ratio of 4 to 10, a Proportion between that of 
1 to 2 and 1 to 3. E 


Again, 


4 


Agam, K 
3 . of Pg 
of th the ſame Weight, kn all joe Cu 
ive to every Shot an equal Velocity; and 
ee times againſt the Pendulum, placed 25 Fas 
only diſtant from the Mouth, of the Piece, the 
Medium of the Velocities with which the Ball im- 
pinged, was nearly that of 1690 Feet in 17: Then 
removing the Piece 175 Feet from the Pendulum, 
1 found, (Ti whack Bl impinge a tw Dl 


tions 1s 


2 es nearer r > 


din gs Bog 

ving thus aſcertained the Reſiſtance ta a Ve- 
locity of near 1700 Feet in 1, which muſt be al- 
jowed to be more than ſufficient for leaving a 
Vacuum behind the Ball, I next examined the Re- 
ſiſtance to ſmaller Velocities; and far this P 
1 charged the ſame Barrel with Balls of the 
Diameter, but with leſs Powder; and placing the 
Pendulum at 25 Feet Diſtance fram the Piece, I 
fired againft it five times with an equal Charge 
each time; the Medium Velocity, with which the 
Ball impinged, was that of 1180 Feet in 17; then 
removing the Pendulum to the Diſtance of 250 
Feet, the Medium Velocity of five Shots made at 
- is Diftance was that of 950 Feet in 1 ; whence 
Ball, in paſſing through 225 Feet, of Air, Joſk 

a Velocity of 2 30 Feet in 17; and as it paſſed 


ſeen i Experiments, that 
greater Degrees of Velocity, the A 


Augmentation 
er 1 to 3. 
But farcher, I fired three Shot, of the ſame Size 


and Weight with thaſe already mentioned, over a 
large Piece of Water; fo that their dropping mts 
the Water being very diſcernable; both the Diſtance 
and Time of their Flight might be accurately af 
certained ; each Shot was diſcharged with a Vele- 
city of 400 Feet in 17; and Thad fatisfied 
by — 7 — or fame C with 
the Pe m, that I could rely on this Velocity 
to 10 Feet in 17“. The firft Shot flew 313 Yards 
in 4% the ſecond flew 3 19 Tards in 4, and the 
third 373 Vards in 5371. According to the T 
of Refiſtance eſtabliſhed for tow Motions, the fir 
Shot ought to have ſpent no more than 30, 2, in its 
Flight, the ſecond 20; 28, and the third 47; whenee 
it is evident, that every Shot was retarded conſide- 
rably more than it ought to have been, had that 
Theory taken Place ig-ics Motion; conſequently, 
the reſiſting Power of the Air is very ſenſibly in- 
erea fed, even in ſo ſmall à Velocity as that of 466 
Met imm d : * 
From all that we have related then, it appears, 
that the Theory ot the Reſiſtance of the Air, eſta- 
bliſhed' in low Mettons: by Sir Iſaac Newton, and 
confirmed by many Experiments, is altogether er- 
roneous, hen applied to the 2 — 
&H | uſket 
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Muſket or Cannon-ſhot ;- for in theſe : 
r 


do near three times the Quantity aſſigned 
Theory; that, however, this increaſed 
Reliſtance diminiſhes as the Veloci of the reſiſted 
Body diminiſhes, till at length, when the Motion 
is ſufficient] any nr rg the actual Refiſtance coincides 
with that ſuppoſed, in the Theory; that therefore 
the ReGſtance is is not in the duplicate 
the Velocity of the moving Body, as is uſually aſ- 
ſerted, but varies from that Pro 
to the different Compteſſion of the Fluid com 
with the Velocity; conſequently, from the Conſi- 
deration of theſe Particulars, we may venture to 
aſſert, that whilſt the Reſiſtance of the Air was 
thus im ſectly and faultily conceived, the Track 
of M and Cannon-ſhot through that Medium 
could not be aſcertained with the | 
Certainty z and therefore the Art 
not but continue extremely im 
is not ſufficient to have 
augmented in great Velocities, bey 
been uſually ſuppoſed ; for, that we may be enabled 
more definitely to compute the Motion of Projec- 
4 neceſſary that we ſhould aſſign the Rate 
of this Augmentation according to the different Ve- 
Jocities of the reſiſted Body, This ſhall be the Sub- 
ject of our next Propoſition, 
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To affign the different — of the 
refiſting Power of the Air according to the 
_ V. che of the refified 0 Bog 


s no large Sho are ever projected in Praftics 
with Velocities exceeding that of 1700 Feet 
in 1”, 1 have not as yet made any * 
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the Reſiſtance of Bodies which have 2 with 
a ſwiſter Motion than this, eſteeming de Deter mi- 
nation of the Variation of the Reſiſtance to all leſ- 
ſer Velocities, to be ſufficient for the Purpoſes of this 
Treatiſe... ©. 8 

According to the Trials I have made, the reſiſt- 
ing Power of the Air to Velocities leſs than that of 
1700. Feet in 17, may be thus nearly exhibited, 
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Let AB be taken to A C in the Ratio of the Vo- 
locity of 1700 Feet in 17, to the given Velocity to 
which the reſiſting Power of the Air is required; 
continue the Line AB to D, ſo thar BD may be 
to AD, as the reſiſting Power of the Air to flow 
Motions is to its reſiſting Power to a Velocity of 
1700 Feet in 17, then ſhall CD be to AD, as 
the reſiſting Power of the Air to flow Motions is 
to its reſiſting Power to the given Velocity repre- 
ſented by AC. | | 


PROP. IVV. 


To determine the Velcities with which Muſtet 

and Cannon ſbot are diſcharged from their 
reſpettive Pieces by their uſual Allotment of 
Powder. | 


ROM the Computations of the ↄth Propo- 
ſition of the iſt Chapter, confirmed _ 
that a 
weigh- 


ing Experiments, it plainly appears, 
leaden Ball of ; of an Inch in Diameter, and 
ing nearly 1; oz. Avoirdupoiſe, if it be fired 
from a'Barrel of 45 Inches in Length, with half 
in Weight of Powder, will ETD 
wi 


2 
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with a Velatity which, if it wete uniſormiy cn 
nued, would carry it near 1700 Feet in 144. 

I inſtead of a leaden Ball an Irom one of the umd 
Diameter was placed in the ſame Situation in the 
ſame Piece, and was impelled by the ſame Quan» 
tity of Powder, the Velocity of ſuch an Iron Bullet 
would be greater than that of the leaden one, in 
the ſubduplicare Ratio of. the ſpecific Gravities of | 
Lead and Iron; and ſuppoſing that Ratio to be as 
3 to2, and computing on the Principles laid down 

in the laft-cited Propoſition, it will appear that an 
Iron Bullet of 24 lb. Weight, ſhot from a Piece of 
10 Feet in Length, with 16 Ib. of Powder, will 
acquire from the Explofion a Velocity which, if 
F nearly 1650 
in 1 4 ; WI 2 wy 4 Gun . 
This is the Velocity which, according to our 
Theory, a Cannon- ball of 24 Ib. Weight is diſ- 
charged with, when it is impelled by a full Charge 
of Powder; but if, inſtead of a Quantity of POW. 
der weighing two-thirds of the Ball, we fuppoſe 
the Charge to be only half the Weight of the Ball; 
then its Velocity will, on the ſame Principles, be 
no more than at the Rate of x49& Feet in 17; and 
the ſame, would. be the Velocities of every leſſet 
Bullet, fired with the ſame Proportions of Powder; 
if the Lengths of all Pieces were conſtantiy in the 
fame Ratio with the Dia meters of their Bore: And 
altho?, according to the uſual Dimenſons of the 
ſmaller Pieces of Artillery, this Proportion does 
not always hold, yet the Difference is not eonfider- 
able enough to occaſion a very great Variation from 
the Velocities here afligned y/ as will de bx to 
any one} who ſhall make a Computation thereon. - 
But in theſe Dererminations, we 1uppeſs the 
Windage to be no more, than is juſt for 
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the eaſy putting down the Bullet; whereas, in feat 
Service, either through Negligence or Unſkifulneſs, 
5 | it 


we On) 

Tr often þ that the Diameter of the Bore ſo 
much the Diameter of the Bullet, char great 
Far: of the -inflamed- Fluid eſcapes by ics Side; 


Fart of this may poſſibly be com 
Heat, which (as we er 


fly in a 
on having — many 
chat the rack ef Shells and Bullets, in the arſe 
Part of their M was much leſs incurvated, 
than what it ought to be on the Principles of Gali. 
lea, when compared with the diſtant Ranges, he ſup- 
poſed, in order to reconcile this Circumſtance with 
;s Theory, that every Shot was impelled to a cer- 
rain Diſtance from the Mouth of the Piece, in 3 


ſtraight Line, or that for ſome Diſtance it was no 


ways affected by the Action of Gravity. By this 
Means he Ended, as he thought, the. Hy pctheſis 
of a parabolic Motion, and at the ſame time at- 
ſented to the vulgar Opinion of the practical Wri- 
ters, who, in general, aſſerted the ſame thing, But 
could no better Account be given of his Experi- 
ments, it would yet be unneceſſary, I preſume, for- 
mally to confure fo ſtrange a Suppoſit ion as that of 
the Suſpenſion of the Action of Gravity. Indeed, 
Auderſon was deccived, by his not knowing how 


greatly 
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eatly the primitive Velocity of the heavieſt Shof 
— in the Courſe of its Flight by the Re-. 
Gſtance of the Air. And the received Opinion of 
ical Gunners is not more difficult to: account 
for, ſince, when they agree, that every Shot flies ini 
a ſtraight Line to a certain. Diſtance from the 
Piece, which imaginary Diftance they have deno« 
minated the Extent. of the poift-blank Shot, we ©» 
need only ſi that within that Diftahce, which 


Direction, by an Angle of little more than half & 
Degree; thoſe, who are acquainted with the. inac- 
curate Methods often uſed in the directing of Can- 
non, will eaſily allow, that ſo ſmall an Abertation 
as this may, by the generality of Practitioners, be 
unattended to, and the Path of the Shot may con- 
ſequently be deemed a ſtraight Line, eſpecially as 
other Cauſes of Error will oſten intervene, much 
pounce than what ariſes from the Incurvation of this 
Line by Gravity. | ; 
In the preſent Propoſition, the Velocity of a 
Shot is determined, both when fired with two-thirds 
of its Weight of Powder, and with half its Weight 
of Powder, reſpectively; and, on this Occaſion, I 
muſt remark, that on the Principles of the Theory, 
which we have aſcertained in this Treatiſe, the in 
creaſing the Charge of Powder will increaſe the 
Velocity of the Shot, till the Powder arrives at a 
certain Quantity ; after which, it the Powder be 
increaſed, the Velocity of the Shot will diminiſh, 
The Quantity producing the greateſt Velocity, and 
the Proportion between that greateſt Velocity 2 
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A 


repreſent the Axis of the Piece; draw- 
SY to it, and to the Aſymptotes 
B, deſcribe any Hyperbola L F, and 
28 BE Para to AC; find out now the Point 
D, Where the Rectangle ADEG is equal to the 
Hyperbolic Area DEFB, then will A D repreſent 
that Heighth of the Charge, which communicates the 
82 elocity to the Shot; whence A D being 
AB, as 1 to 2,1828, as appears by the Table 
ol of Logarichms from the Length of the Line A D 
determined, and the Diameter of the Bore, the 
Qu of Powder contained in this Charge is 
ly known. . 
II. inſtead of this Charge, any other filing the 
Cylinder to the Heighth A 1 be uſed, draw I'H 
Parallel to AC, and the Point H, to the 
ſame Aſymptores AC and AB, deſcribe the Hy- 
perbola H K ; then the greateſt Velocity will be to 
the Velocity communicated by this Charge AT, in: 
the ſubduplicate Proportion of the Rectangle A E, 
to the ſame ReRangle diminiſhed by the trilinear 
HK E. All this eaſily follows from the. 
Principles laid down i in che 7th Propoſition of the 
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When a Cannon-Ball of 24 lb. Weight, Frei 
with a full Charge of Powder, firſt iſſues 
from the Piece, the Refiſtance of the Air on 
its Surface amounts to more than twenty 
times its Gravity. | k 


OR we have ſhewn, in the ſecond Propofi- 
tion of the preſent Chapter, that the Reſiſ- 
tance of the Air on the —.— — Bullet — A of 
an Inch Diameter, moving with-a Velocity of 1670 
Feet in 1, 2 10 lb. Now we have 
ſeen, in the laſt Propoſition, that an Iron Bullet 
weighing 24 lb. if fired with 16 lb. of Powder, 
(which is uſually eſteemed its proper i 
Charge) acquires a Velocity of about 1650 Feet in 
17, ſcarcely differing from the other; whence, as. - 
the Surface of this laſt Bullet is more than fifty-four 
times greater than the Surface of a Bullet of + of 
an Inch in Diameter, and their Velocities are nearly 
the ſame, ir follows, that the Reſiſtance on the 
largerBullet will amount to more than 540 lb. which 
is near twenty-three times its own Weight. 
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SCITOLIUM. 


We have obſerved, in the Introduction, that the 
Theoriſts who have profeſſedly written on the Sub- 
ject of Gunnery, have generally agreed in ſuppo- 
ſing the Flight ot Shot and Shells to be nearly in 
the Curve of a Parabolaz and it is againſt this 


. Hypotheſis that the two laſt Propoſitions are parti- 
cularly aimed. | | 


For the Reaſon, which has been given by theſe 
Authors, in Suppoi of their Opinion, is the ſu 
poſed 
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poſed inconfiderable Reſiſtance of the Air; Tince, 
is it is agreed on all Sides, that the Track of Pro- 
jectiles would be a Parabola, if there was no Re- 
:Giftance, it has from hence been too raſhly con- 
"cluded, that the Interruption, which the ponderous 
Bodies of Shells and Bullets would receive from ſo 
rare a Medium as the Air, would be . ſen- 
ble, and conſequently that their parabolic Flight 
uns Dower ae Paper" area Bee 
Now the prodigious Reſiſtance of the Air to a 
Bullet of 24 bv. Weight, ſuch as we have here eſta- 
bliſhed it, ſufficiently conſutes this Reaſoning ; for 
how erroneous muſt that Hypotheſis be, which neg- 
lects as inconſiderable a Force, which amounts to 
more than twenty times the Gravity of the moving 
Body ? However, we ſhall not content ourſelyes 
with having demonſtrated the Reality and tity 
of the Air's Reſiſtance, but we ſhall proceed to a 
more particular Examination of the Flight of Bodies 
in that Medium, where we ſhall evince, by many 
Experiments, how greatly the Track, deſcribed by 
almoſt every Projectile, deviates in every. Circum- 
Nance from what it ought to be on the generally - 
received Principles. But, firſt, it is neceſſary to aſ- 
ſume a few Particulars, the Demonſtrations of which 
may be found in almoſt every Writer on the com- 
mon Theory of falling Bodies. | 
Poſt. 1. If the Reſiſtance of the Air be fo 
ſmall, that the Motion of a projected Pody 
be in the Curve of a Parabola, then the Axis of 
that Parabola will be perpendicular to the Horizon, 
and conſequently the Part of the Curve, in which 
the Body aſcends, will be equal and ſimilar to that 
in which it deſcends. 20 
Pops. 2. If the Parabola, in which the Body 
moves, be terminated on a horizontal Plain, then the 
Vertex of the Parabola will be equally diſtant from 
its\two Extremities, 
G 3 Poſſ 
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a Alſo the moving Body will fall on 
N kat Plain in the ſame Angle and the = 
* 1 850 with which it was firſt projected. 
| . — 4. If a Body be projected in diger 
| es, but with the its Velocity, then its 
et e Range will be, when it is projected | 
in an Angle of 45 with the Horizon. — 
. * Poſs. 5. If the Velocity, with which the. Body tis 
ojected, be known, then this greateſt horizontal 
ha ange may be thus found : Compute, according to 
the common Theory of Gravity, what Space the 
projected Body ought to fall through to acquire 
the Velocity with which it is projected, then twite 
that Space will be the greateſt horizontal 
or the horizontal Range, when the Body is pro- 
in an Angle of 45 with the Horizon. 
Poſt. 6. The horizontal Ranges of 'a Body, 
- when projected with the ſame Velocity, at different 
-Angles, will be between themſelves, as the Sines 
of twice the Angle, in which the Line of Projection 
is inclined to the Horizon. 

Paſt. 7. If a Body be projected in the fame 
Angle with the Horizon, but with different Velo- 
cities, the horizontal Ranges will be in the dupli- 
cate Proportion of thoſe Velocities. 

Theſe Poſtulates contain the Principles on which 
the Motions of Projectiles are computed by che 
modern Writers on the Art of Gunnery, 

If any of theſe Poſtulates hold not true, when 
applied to the Motion of a Projectile, then that 
Projectile deviates in its Flight from CORE 
Track; we ſhall therefore effectually y the 
common Theory of Projectiles, if we can ſhew 
that in general none of theſe Poſtulates: cot 
-to the obſerved Motions bf thoſe Bodies. 
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„ PRO VL No 
The Track deſeribed by the Flight of Shot or 

- Shells is neither a Parabola, nor nearly a. 
Harabola, unleſs they are projetied with ſmall 


_ - #Felocrties. 


poſition of the preſent Chapter, that a Muſket , 
all + of an Inch in Diameter, fired with half its 
Weight of Powder from a Piece 45 Inches long. 
moves with a Velocity of near 1700 Feet in 17. 
Now, if this Ball flew in the Curve of a Para- i 
bola, its horizontal Range at 43 would be found, 
by the fifth Poſtulate, to be about 17 Miles. Now 
all che practical Writers aſſure us, that this Range 
is really ſhort of half a Mile. Diego Ufano a- 
ſigns to an Arquebuſe, 4 Feet in Length, and cas- 
rying a leaden Ball of 1 f oz, Weight (which is 
very near our Dimenſions) an horizontal Range of 
797 common Paces, when it is elevated between 
49 and 59 Degrees, and charged with a Quantity 
of fine Powder equal to the Weight of the Ball. 
Merſennys too tells us, that he found the horizon- 
tal Range of an Arquebuſe at 45* to be leſs than 
00 Fathom, or 800 Yards ;z whence, as either of 
theſe Ranges are ſhort of half an Exgliſb Mile, it 
follows, that a Myſket-ſhot, when fired with a 
- reaſonable Charge of Powder, at an Elevation of 
45, flies not the = Part of the Diſtance it ought 
to do, if it moved in a Parabola. 3 
Nor is this great Contraction of the horizontal 

e to be wondered at, when it is conſidered, 
that the Reſiſtance of this Bullet, when it firſt iſſues. 
from the Piece, amounts to 120 times its Gravity, 
a has been experimentally demonſtrated in the 
ſecond Propoſition of 15 preſent Chapter. 
1 4 


E 2 R we have determined, in the fourth Pro- 
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Again, left it ſhould be faid, that this Aberra- 
tion of the Flight of a Muſket-bal! from the Curve 
of a Pajabola is no Proof, but that heavier Shot, 
whoſe Reſiſtance is much leſs in Proportion to their 
Weight, may ſufficiently 'coincide” with the com- 
mon Hyporheſis 3 our next Inſtance ſhall be in an 
Iron Bullet of 24 lb. Weight, which is the heavieſt 
in common Uſe for Land Service. Such a Bullet, 
fired from a Piece of the cuſtomary Dimenſions, 
with its greateſt Allotment of Powder, has a Velo- 
eity of 1800 Feet in 17, as we have determined in 
the fourth Propoſition of the preſent Chapter. Now 
if che horizontal Range of this Shot, at 45*, be 
computed on the parabolic Hypotheſis by the fifth 
Poſtulate, it will come out to be about 16 Miles, 
which is —— ſix times its real Quan- 
tity 3 for the practical Writers all agree in makin; 

it Jef than * Miles: And St. Remy force 'n 


of ſome Experiments made by Mr. Du Metz, in 


which the Range, at 45*, of a Piece ten Feet in. 
Length, carrying a Ball of 24 lb. and | 
with 16 lb. of Powder, was 2250 French Fathom, 
which is 222 Fathom ſhort of three Miles ; conſe- 
quently an Iron Bullet of 24 lb. Weight, when im- 
pelled with its full Allotment of Powder, flies not, 
at 45*, to the fifth Part of the Diſtance which it 
— to do, if it deſcribed the Curve of a Para- 
— «1 AAA 


But farther, it is not only; when Projectiles are 
moved with theſe very great Velocities, that their 
Flight ſenſibly varies from the Curve of a Parabo- 
la; the ſame Aberration often takes place in ſuch 
as move flow enough to have their Motion traced 
out by the Eye; for there are few Projectiles, that 
can be thus examined, which do not viſibly di 
with the firſt, ſecond, and third Poſtulate, 


_ obviouſly deſcending through a Curve which is 
morter and leſs inclined to the Horizon than that 
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aſcehded z alſo the higheſt Point of 


in which they 


their Flight, or the Vertex of the Curve is much 


nearer to the Place, here they fall on the Gr 
than to that from whence they were at firſt 
charged. Theſe Things cannot 1 
doubted of by one, who in a proper Situation views 
the Flight of Stones, Arrows or Shells: thrown, 10 
any conſiderable Diſtance. 

J have found too by Experience, that che Gfth, 
fixth and ſeventh Poſtulares are. exceſſively errone- 
ous, when applied to the Motions of Bullets mo- 
ving with ſmall Velocities: A leaden Bullet 2 of an 
Inch in Diameter, diſcharged with a Velocity of 
about 400 Feet in 17, and- in an. Angle of 192: 5', 
with the Horizon, ranged on the horizontal Plane, 
no more than 8 Yards; whereas its greateſt ho- 
rizontal Range being found by the. fifth Poſtulate 
to be at leaſt 1700 Yards, the Range at 195: gi 
ought, by the ſixth Poſtulate, to have been 1050 
Yards ;\ whence, in this Experiment, the Range 
was not 3of what it muſt have been, had the com- 
mon-received Theory been true. | 

Again, a Ball was fired with the ſame Velocity 
as in the laſt Experiment, but at an Elevation of 
9:45 % its horizontal Range was at a Medium 
330 Yards. © f 

Now this Range, according to the Gfth and fürth 
Poſtulates, (if its original Velocity be conſidered) 
ſhould have been 566 Yards. But if it were to be 
deduced from the laſt Experiment, by Means of 
the ſixth- Poſtulate, ic ſhould have been no more 
than 241 Yards; either of which Numbers are ex- 
tremely diſtant from 330. 

Again, a Ball being fired at an Flevation of 8% 
but with a Velocity of 700 Feet in 17, the hori- 
Zontal Range at a Medium was 690 Yards. © 

But computing this Range from the original Ve- 
locity of the projected Body, according to the — 
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Ind fixth Poſtulates, we ſhall find, chat if the Theo- 
ry, on wluch thoſe Poſtulates are founded, could be 
relied on, the Range in the preſent Inſtance. ought 
to have been 2300 Yards; hence it appears, that 
the Body fle w not to halt the Diſtance which, had 
it moved in a Parabola, it aught to have done. 
Again, a Ball being fired with the ſame Velocity 
as in the laſt, but at an Elevation of 4, its hori- 
zontal Range was 600 Yards. 

Now this Range, if deduced from the laſt Ex- 
riment by the ſixth Poſtulate, ſhould not have 
— more than 350 Yards; hence then is evinced 
the Falſity of that Poſtulate, and conſequently of 
the parabolicHypotheſis, on which it is founded. 
Having thus proved, that the Track deſcribed 
by the Flight, even of the heavieſt Shot, is neither 
a Parabola, nor approaching to a Parabola, excepe 
when they are projected with very ſmallVelocities.z 
we ſhall refer to a ſecond Part, a more diſtin& 
Explication of the Nature of the Curve which theſe 
Bodies really trace out in their Motion through the 
Air: But, as a Specimen of the great Complication 
of that —— N here inſert ar of a 
very extraordinary Circumſtance, w requently 
—4 Place therein. | 10 1 

As Gravity acts perpendicularly to the Horizon, 
it is evident, that if no other Power but Gravity 
deflected a projected Body from its rectilinear 
Courſe, its Motion would be conſtantly performed 
in a Plane perpendicular to the Horizon, -paſling 

the Line of its original Direction: But we 
have found, that the Body in its Motion often de- 
viates from this Plane, ſometimes to the Right- 
hand, and at other times to the Left; and this in 
an incurvated Line, which is convex towards that 
Plane; ſo that the Motion of a Bullet is frequently 
in a Line, having a double Curvature, it being 
nt towards the Horizon by the Force of Gravis 


a 


Cor) 


and again bent but of its original Direction to th 


Right or Left by the Action of ſome other Force: 


In this Caſe no Patt of the Motion of the Bullet is 
ormed in the ſame Plane, but its Track will lie 
in the Surface of 'a kind of Cylinder, whoſe Axis 
is 


this Aſſertion we ſhall nnn * Ex- 
. periments. © -- 


— 
” 


PROP. VII. 


"Bulle in their Flight are not only depreſſed 

beneath their original Direction by the Actions 
of Gravity, but are alſo frequently driven 
to the Rig t or Leſt of that Direction by the 
' Attion of ſome other Force. 


F it was true, that Bullets varied their Direction 

by the Action of Gravity only, then it ouglit 

to happen, that the Errors, in their Flight to the 
Right or Left of the Mark they were aimed at, 
"ſhould increaſe in the Proportion of the Diſtance 
of the Mark from the Piece only: But this is con- 
trary to all Experience; the ſame Piece, which will 
carry its Bullet within an Inch of the intended 
Mark, at 10 Yards Diſtance, cannot be relied on 


dq 10 Inches in 100 Yards, much leſs to 30 Inches 


in 300 Yards. This Increaſe of the Uncertainty 
of the Shot in great Diſtances, more than in the 
Proportion of thoſe Diſtances, muſt have been ob- 
ſerved by all who have been at any time converſant 
with the practical Part of Artillery. Now this In- 
equality can only ariſe from the Track of the Bul- 
let being incurvated ſideways as well as down- 
wards; for by this Means the Diſtance between 
that incurvated Line, and the Line of Direction, 
will increaſe in a much greater Ratio than chat of 
wo De . Lines being — 


icular to the Horizon. The Truth of 


' 
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of the Piera, and afterwards -ſ#paratin 
the Manner of a Cuve and its Tangent, if the 
Mouth of che Piece be oonſidered as the Pojne of | 


5 Contact. 


But that thoſe, who —— — har: 
Der to theſe Matters, may entertain na 
Doubt about what we here aſſert, 1. ſhall recite ſome 
Experiments, I have made, which will put the Mat- 
ter out of all Queſtion. 

I took a Barrel carrying a Bal! of 4 of an Inch 
Diameter, and fixing it og a heavy Carriage, I ſa- 
tisfied myſelf of the Steadineſs and Truth of its 
Direction, by firing at 4 Board x 4 Foot ſquare; 
which was placed at 180 Feet Diſtance ; for 1 
found, that in 16 ſucceſſive Shot I miſſed the Board 
but once. Now the ſame Barrel being fixed on the 
ſame Carriage, and fired with a maler Nuantity 
of Powder, fo that the Shock on the Diſcharge 
would be much leſs, and conſequently the Direc- 
tion leſs changed, I found, that at 760 Yards Diſ- 
'rance, the Ball flew ſometimes 100 Yards to the 
Right of the Line it was pointed on, and at other 
times 100_Yards to the Left. I found too, that 
its Direction in the perpendicular Line was not leſs 
uncertain, it falling one time above 200 Yards 
ſhort of what it did at another; altho?, by the niceſt - 
Examination of the Piece after the Diſcharge, it 
appeared not to have the leaſt ſtarted from the of 
ſition it was placed in. 

This then ſufficiently confirms the Propobtios, 
fince it was impoſſible -the Bullet could have flown 
in-the Manner here deſcribed, had not the Line of 
its Fli;zht been bent round to the — or Leſt as 
well as downwards. | 


SCHOLIUM. 


The Reality of this doubly-incurvated Track be- 
ing thus demonſtrated, it may perhaps be _ 
todd at 


Queſtion muſt 
ing obliquely to the 
; which Power can 


farther 
the Air can at any time be in a Line oblique 
the ve Motion of the Body? I farther 


82.F 


1 


ities in the reſiſted Surface,' but that its general 

is doubtleſs a whirling ion acquired by 
Bullet about its Axis; for by this Motion 

tion, combined with the ' progreſſive Motion, 


Part of the Bullet's Surface will ſtrike the Air 


9 


#4 


f 


ion very different from what it would do 
was no ſuch Whirl; and the Obliquity of 

of the Air arifing from this Cauſe will 
according as the rotary Motion of the 
in Proportion to its progreſſive 


I have now finiſhed all that I ed to deter- 
mine in this Place, relating to the Force of Pow- 
der and the Reſiſtance of the Air: But as the 
Knowledge of the Reſiſtance of Solids to the Pe. 
netration of Shot is of great Importance in che prac-- 
tical Part of Gunnery, eſpecially in battering in 
Breach, . I ſhall end the preſent Treatiſe with a 
Propoſition relating thereto, which is as follows, 


att 


75 


PROP. 


it may ſometimes ariſe perhaps from In- 
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If Bullets of the ſome Diameter and Peng 
" impinge on the ſame ſolid Subſtance with 
Irren Velocities, ibey will penetrate t 
- Bubftance to different which will be 
in the duplicate Ratio of. thoſe Velocities, 
" pearl And the Refit ance of folid Subſtances 
to the Penetration Us Bullets is wiform. ik 


HE firſt Part of chi Propoſon I have 
found to be true in a great Number of In- 
Fm 3 for when a leaden Bullet, + of an Inch in 
Diameter, was fired againſt a ſolid Block of Elm, 
with a Velocity of about 1 55 Feet in 1. 1 — 
chat in a great Number it had penetra 
from 4 + to 5+ Inches deep an 
fatne Size was fired Az the ſame Block, with: 
4 Velocity of about 730 Feet in 17, its outer Sur-. 
face was always near £ of an Inch within the Sur- 
face of the Wood, fo that its Penetration was at a 
Medium about 1 Inch ; z or, if the Cavity be con- 
fidered, and reduced to a Cylinder, about of an 
Inch, and with a Velocity of 400 Feet in 1 4, the 
Bullet penetrated the ſame Block pſually-to about 
half its Subſtance, which, 7 to a eylindrie 
Cavity, is z of an loch in Depth. 

Now 55, 10, 3, are nearly in the duplicate pro- 
portion of theſe Velocities; whence, if the Pene- 
tration to the greateſt Velocity be oppoſed 5 Inches, 
the Penetration of the others ought by the Propoſition 
to be and 2 of an Inch reſpectively; and theſe 
Numbersſcarcely differ from : and q, which are what 
we have found in our Experiments; ; a greater Co- 
incidence than this cannot be expected, when the 


unequal Texture of the ſame Piece of Wood, * 
the 


| & ==> 51 
the of the Form of the Bulle: by the Stroke, 
are 


Now, from the Penetration being in the dupli- 
cate: Proportion of the Velocity of the im 
Body, the uniform Reſiſtance of the Wood is eaſilỹ 
evinced on the fame Principles, that the uniform 
Action of Gravity is demonſtrated, from in cm. | 
municating to Bodies Velocities in the dy- 
or 


Proportion of the Spaces they deſcend thro?, 
from riſing of Bodies when up- 
to Heights which are in the duplicate Pro- 
E to 
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